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CHAPTER I  
INTRODUCTION
In  1882 Wortman o b se rv ed  t h a t  s t a r c h - d e s t r o y in g  ferm en ts  (a m y la se )  
w ere n o t  produced by h i s  b a c t e r ia l  c u l tu r e s  u n le s s  s ta r c h  was added to  
th e  medium. On th e  o th e r  hand, a  y e a s t  c u ltu r e  produced  in v e r t a s e  
w h eth er  o r  n o t  s u c r o se  was p r e s e n t  i n  th e  medium ( P o l lo c k ,  1 9 5 9 ) »
Dubos ( 1940 ) th o u g h t t h a t  Wortman’ s work was th e  f i r s t  exam ple o f  a 
b io c h e m ic a l a d a o ta t io n . Wortman e x p la in e d  th e  phenomenon as a r e s u l t  
o f  a "hunger" s t im u lu s  on th e  c e l l  w hich r e s u lt e d  in  th e  p r o d u c tio n  o f  
an enzyme needed  f o r  grow th and s u r v iv a l .  The enzyme was form ed when 
n eed ed  and th e r e fo r e  was a b se n t  when th e  s u b s tr a te  was e i t h e r  a b se n t  
o r  w ithdraw n.
K r ie b e l (1 9 3 4 ) i s o l a t e d  some n o n - la c to s e - f e r m e n t in g  b a c t e r ia  from  
s t o o l s  o f  h e a lth y  fo o d -h a n d le r s .  He found t h a t  when th e  b a c te r ia  w ere  
grown c o n t in u o u s ly  i n  l a c t o s e  s o lu t io n s  th e  b a c t e r ia  d i s s o c ia t e d  
in t o  la c t o s e - f e r m e n t in g  v a r ia n t s ,  some o f  w hich produced t y p ic a l  c o l i -  
form  c o lo n ie s  when p la t e d  on E o s in  m eth y len e  b lu e  m edia (EMB). He 
co n c lu d ed  th a t  t h e s e  s t r a in s  w ere v a r ia n t s  o f  th e  c o lo n  group s in c e  t h e y  
ten d ed  to  d i s s o c i a t e  in t o  la c t o s e - f e r m e n t in g  c o l i - l i k e  o rg a n ism s.
S t r a in s  o f  B acterium  c o l i  w h ich  w ere n o n - la c t o s e  ferm en ter*  had b een  
g iv e n  th e  name B. c o l i - m u t a b i l e . When t h e s e  s t r a in s  w ere p la t e d  on 
l a c t o s e  a g a r  c o n ta in in g  an in d ic a t o r ,  w h ite  c o lo n ie s  d e v e lo p e d  a t  f i r s t .  
As in c u b a t io n  was co n tin u e d  red  p a p i l l a e  appeared  on th e  c o lo n ie s .
1
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L ew is ( 1934 ) worked w ith  t h e s e  m u ta b ile  s t r a i n s  o f  c o lo n  b a c t e r ia  and 
o b se rv ed  t h a t  th e r e  w ere a lw a y s a few  l a c t o s e  p o s i t i v e  v a r ia n t s  i n  th e  
c u l t u r e s .  He con clu d ed  th a t  v a r ia t io n  was due to  m u ta tio n  and th a t  th e  
m u ta tio n s  o ccu rred  sp o n ta n e o u s ly  w ith o u t reg a rd  t o  en v iro n m en ta l 
in f lu e n c e s .  N u n gester  and A nderson (1 9 3 1 ) i s o l a t e d  organ ism s from th e  
g a l l  b la d d e r  w hich  th e y  c a l l e d  B a c i l lu s  c o l i - l i k e .  T hese had s e v e r a l  
v a r ia n t s ,  some o f  w hich  d id  n o t produce red  c o lo n ie s  on L a c to se  Andrade 
A gar. But when th e y  w ere grown i n  l a c t o s e  medium and th en  p la te d  on  
Andrade a g a r , la r g e r  numbers o f  red  c o lo n ie s  ap p eared . J o n e s , O rcu tt  
and L i t t l e  (1 9 3 2 ) s tu d ie d  an organ ism  d e s ig n a te d  by them a s  an a t y p ic a l  
c o lo n  b a c i l l u s  b eca u se  o f  i t s  s lo w  u t i l i z a t i o n  o f  l a c t o s e .  By c u l tu r in g  
th e  organ ism  i n  l a c t o s e  th e y  o b ta in e d  two v a r ia n ts ;  one a t ta c k e d  l a c t o s e  
r a p id ly  and th e  o th e r  rem ained a t y p ic a l .  They b e l ie v e d  t h a t  th e  ra p id  
l a c t o s e  fe rm en ter s  w ere m utants o f  th e  a t y p ic a l  form b ecau se  th e  organ ism  
d id  n o t r e v e r t  back t o  th e  a t y p ic a l  form .
In  th e  e a r ly  1 9 0 0 ’ s an organ ism  w hich  was r e c o g n iz e d  a s  th e  
e t i o l o g i c a l  a g en t o f  d y s e n te r y  was d e s c r ib e d  a s  a slow  l a c t o s e  fe r m e n te r .  
D u va l, in  1904 ( c f  N e ls o n , 1 9 3 0 ) ,  was p ro b a b ly  th e  f i r s t  to  a s s o c ia t e  
t h i s  organ ism  w ith  d ia r r h e a l  d i s e a s e s .  T h j^ lta  (1 9 1 9 ) gave Sonne c r e d i t  
f o r  d e s c r ib in g  th e  organ ism  and i d e n t i f y i n g  i t  a s  a n o th e r  member o f  th e  
d y s e n te r y  group t o  w hich th e  F le x n e r  and S h ig a  b a c i l l u s  b e lo n g e d ,
Thj;z(lta n o te d  t h a t  th e  c o lo n ie s  o f  th e  B a c i l lu s  o f  Sonne tu rn e d  red  on  
l a c t o s e  a g a r  a f t e r  48  hours o f  in c u b a t io n .  In  l a c t o s e  b r o th , th e  
o rgan ism  was d e s c r ib e d  by N e lso n  (1 9 3 0 ) a s  p ro d u c in g  a c id  w ith o u t  gas  
by th e  t h ir d  day but som etim es n o t u n t i l  th e  s e v e n th  day.
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H ad ley  (1 9 2 7 ) e x p r e s se d  con cern  w ith  th e  f a c t  t h a t  b a c t e r io lo ­
g i s t s  w ere n o t t r y in g  to  f in d  th e  ca u se  o f  v a r ia t io n  i n  b a c t e r ia ,  b u t 
s im p ly  lo o k in g  upon new o r  u n u su a l form s as c o n ta m in a t io n s , in v o lu t io n  
fo rm s, o r  m u ta n ts. He w ent f u r th e r  and s u g g e s te d  t h a t  t h e s e  v a r ia n t s  
w ere n o t m u ta n ts , but p erh ap s s ta g e s  in  th e  l i f e  c y c le s  o f  th e  o rg a n ism s. 
On th e  o th e r  hand, N u n g ester  (1 9 3 3 ) worked w ith  a c o l i - l i k e  organ ism  
w hich  ferm en ted  l a c t o s e ,  m a lto s e ,  and su c r o se  s lo w ly ,  and r e o o r te d  th a t  
he c o u ld  t r a in  them t o  ferm en t th e  su g a r s  r a n id ly  by s e r i a l  c u l t i v a ­
t i o n  in  m edia c o n ta in in g  t h e s e  s u g a r s .  He co n c lu d ed  t h a t  t h i s  v a r ia t io n  
d id  n o t su p p ort th e  co n cep t o f  l i f e  c y c l e s .  A nother exam ple o f  t h i s  
ty p e  o f  " tra in in g "  was th e  work o f  L ew is and H itch n er  (1 9 3 5 ) who found  
th a t  by a g in g  a slow  l a c t o s e  ferm en ter  in  l a c t o s e  b ro th  f o r  two w eek s, 
th e  o rgan ism s a cq u ire d  th e  a b i l i t y  to  ferm ent l a c t o s e  in  24 h o u rs. 
H itc h n e r , Donagan, and A lp er t  (1 9 3 8 ) found th a t  o f  th e  15 s t r a in s  o f  
s lo w  l a c t o s e  fe rm en tin g  c o lifo r m  b a c t e r ia  th e y  s tu d ie d ,  a l l  but 2 
ferm en ted  la c t o s e  r a n id ly  a f t e r  s e v e r a l  t r a n s f e r s  in  l a c t o s e  b r o th .
They a l s o  showed th a t  th e  v a r ia n ts  d id  n o t  d i f f e r  m o r p h o lo g ic a lly ,  
s e r o l o g i c a l l y ,  o r  b io c h e m ic a l ly  from  th e  p a ren t o rg a n ism s. S e a r s  and 
S c h o o ln ik  (1 9 3 6 ) con firm ed  t h i s  in  v a r ia n ts  o f  S h i g e l l a  p a r a d y se n te r y  
so n n e . H ershey and B ron fen b ren n er (1 9 3 6 ) r e p o r te d  th a t  i t  was p o s s i b l e  
t o  in d u ce  ra p id  l a c t o s e  fe r m en tin g  v a r ia t io n s  by m a n ip u la t io n s . The 
m u tan ts a r o se  on about th e  1 2 th  day a f t e r  grow th in  l a c t o s e  m ed ia . They 
a l s o  n o ted  a  l o s s  o f  l a c t o s e  fe r m e n tin g  power a f t e r  c u l t i v a t i o n  on 
s u c c in a t e  m edia; th e  a b i l i t y  t o  ferm en t l a c t o s e  was r e g a in e d  a f t e r  
su b seq u en t c u l t i v a t i o n  i n  l a c t o s e  m ed ia .
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In  an a ttem p t t o  c l a r i f y  a t  l e a s t  p a r t i a l l y  th e  nximerous o b se r v a ­
t io n s  c o n c e r n in g  v a r ia t io n  i n  b io c h e m ic a l a b i l i t i e s ,  K arstrom  c l a s s i f i e d  
enzym es in t o  two grou p s ( c f  Dubos, 1 9 4 0 ) ,  C o n s t i t u t iv e  enzym es w ere  
form ed i r r e s p e c t i v e  o f  th e  co m p o sit io n  o f  th e  medium, w h erea s , a d a p tiv e  
enzym es w ere form ed o n ly  i n  r e sp o n se  to  th e  p r e se n c e  o f  th e  s p e c i f i c  
s u b s t r a t e ,  W o o ld r id g e , Knox, and G la ss  (1 9 3 6 ) f e l t  t h a t  an a d a p tiv e  
enzyme may be s im p ly  a c o n s t i t u t i v e  enzyme which was a c t iv e  o n ly  d u rin g  
a p a r t  o f  th e  l i f e  o f  th e  c e l l  and was n o t n o rm a lly  r e c o g n iz e d  by th e  
te c h n iq u e  u s u a l ly  em ployed. L a ter  i t  was found t h a t  in  m ost c a s e s  
a d a p tiv e  enzymes w ere form ed in  t r a c e s  i n  th e  a b sen ce  o f  th e  s p e c i f i c  
s u b s t r a t e s .  F urtherm ore, c o n s t i t u t i v e  enzym es have been found t o  undergo  
w id e f lu c t u a t io n s  ( q u a n t i t a t iv e ly )  in  th e  p r e se n c e  o r  a b sen ce  o f  th e  
s p e c i f i c  s u b s tr a te s  (S p ie g e lm a n , 1 9 5 0 ) ,
The enzym e, h y d r o g e n ly a se , w hich  l i b e r a t e s  m o le c u la r  hydrogen  from  
fo rm ic  a c id ,  was found to  be an a d a p tiv e  enzyme in  B„ c o l i  by S tep h en so n  
and S t ic k la n d  ( 1 9 3 2 ) .  By com paring grow th r a t e s  and enzyme p r o d u c t io n  
b e fo r e  and a f t e r  th e  a d d it io n  o f  sodium  fo r m a te , th e y  con clu d ed  t h a t  
th e  enzyme co u ld  be p roduced  even  though c e l l  d i v i s i o n  d id  n o t ta k e  
p la c e  (S tep h en so n  and S t ic k la n d ,  1 9 3 3 ) .  T his id e a  was t e s t e d  a g a in  by  
S tep h en so n  and Y udkin (1 9 3 6 ) w ith  th e  a d a p tiv e  enzym e, g a la c to zy m a se  
em ploying Saccharom yces c e r e v i s i a e .  They co n c lu d ed  t h a t  a d a p ta t io n  
o ccu rred  w ith o u t c e l l  m u l t i p l i c a t i o n ,  but th e  c e l l s  n eed  to  be v ia b le  
s in c e  a d a p ta t io n s  d id  n o t o ccu r  in  s t e r i l e  c u l t u r e s .  On th e  o th e r  hand, 
t h e y  p o in te d  ou t th a t  th e  a c t i v i t y  o f  th e  enzyme was in d ep en d en t o f  c e l l  
v i a b i l i t y .  They con clu d ed  from  t h e s e  and th e  e a r l i e r  o b s e r v a t io n s  th a t
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m u ta tio n  and s e l e c t i o n  w ere n o t th e  m echanism s in v o lv e d  in  a d a p tiv e  
enzyme form ation *  A ccord in g  to  H egarty  (1 9 3 9 ) c e l l  v ia b i l i t y -  and age  
o f  th e  c e l l s  a re  im p o rta n t f a c t o r s  in  a d a n tiv e  enzyme form ation *  He 
o b se r v ed  th e  m ost ra n id  a d a p ta t io n  t o  new su g a r s  to o k  p la c e  w ith  c e l l s  
from  c u ltu r e s  j u s t  com ing ou t o f  th e  la g  p h a se , i . e . ,  d u r in g  th e  p e r io d  
o f  p h y s io lo g ic a l  y o u th . D uring th e  lo g a r ith m ic  p h a se , a d a p t a b i l i t y  
d e c r e a se d  r a p id ly  and c o n t in u o u s ly .
Yudkin ( c f  P o l lo c k ,  1959) d ev e lo p e d  th e  "mass a c t io n "  h y p o th e s is  to  
a ttem p t t o  e x p la in  th e  e x i s t e n c e  o f  th e  sm a ll q u a n t i t i e s  o f  enzyme 
form ed by many organ ism s p r io r  to  th e  a d d it io n  o f  th e  s u b s t r a t e .  T h is  
id e a  may be e x p r e sse d  a s  f o l lo w s ;  p e r c u r s o r  enzym e. The s u b s tr a te
o r  in d u c e r  o f  th e  enzyme f u n c t io n s  by com bin ing w ith  th e  enzyme th u s
fa v o r in g  c o n v e r s io n  o f  th e  s p e c i f i c  p r e c u r so r  o r  pre-enzym e in t o  an 
a c t i v e  enzyme. The s p e c i f i c i t y  o f  a d a p tiv e  enzym es was shown by Dubos 
( 1935 ) i n  th e  ca se  o f  t h e  enzyme w hich decom poses th e  c a p su la r  p o ly ­
s a c c h a r id e  o f  Type I I I  pneum ococcus. O ther c l o s e l y  r e la t e d  s u b s ta n c e s  
such  a s  p o ly s a c c h a r id e s  from o th e r  p n eu m ococci, gum a r a b ic ,  g lu c u r o n ic  
a c id  and g lu c o se  f a i l e d  t o  in d u ce  th e  enzym e. D eere (1 9 3 9 ) and D eere , 
D u la n ey , and M ich e lso n  (1 9 3 9 ) found t h a t  l a c t a s e  i s  p r e s e n t  in  l a c t o s e -  
fe rm e n tin g  (r e d )  and n o n - la c t o s e - f e r m e n t in g  (w h ite )  s t r a in s  o f  E. c o l i -  
m u ta b ile . T h ere fo re  th e  enzyme appeared  t o  be c o n s t i t u t i v e  r a th e r  than  
a d a p t iv e .  The enzyme a c t i v i t y  o f  b oth  s t r a in s  in c r e a s e d  when th e  o rg a n ­
ism s w ere grown in  l a c t o s e .  D eere f e l t  t h a t  th e  s t r a in s  w ere d i f f e r e n t
in  t h e i r  p e r m e a b il i t y  t o  l a c t o s e .  The w h ite  s t r a in  c o n ta in e d  l a c t a s e ,
but was u n a b le  t o  ferm en t l a c t o s e  b eca u se  th e  c e l l s  w ere im perm eable to
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l a c t o s e .  "When t h i s  s t r a in  was grown in  l a c t o s e  a change in  p e r m e a b i l i t y  
o c c u r r e d , r e s u l t i n g  in  t h e  p r o d u c tio n  o f  la c t o s e - f e r m e n t in g  v a r ia n t s .
Ryan (1 9 5 2 ) fu r n is h e d  th e  f i r s t  p r o o f  t h a t  a d a p ta t io n  in  E. c o l i -  
m u ta b ile  was due t o  a m u ta tio n . He b e l ie v e d  t h a t  th e  norm al w ild  ty p e  
E, c o l i  was g e n e t i c a l l y  l a c t o s e  p o s i t i v e  ( la c 'H  and c o n ta in e d  b e ta -  
g a la c t o s id a s e  ( l a c t a s e )  i n  o n ly  t r a c e  amounts when l a c t o s e  i s  n o t p r e s e n t  
in  th e  c u ltu r e  m ed ia . M u ta b ile  s t r a i n s  are g e n e r a l ly  n o n -ferm en ter s  o f  
l a c t o s e  ( la c ~ )  and ap p ear p h e n o ty p ic a l ly  l i k e  norm al E . c o l i  when l a c t o s e  
i s  n o t p r e s e n t .  In  norm al E. c o l i  c u l t u r e s ,  e v e r y  c e l l  a d a p ts  and b e g in s  
t o  produce ^ - g a l a c t o s i d a s e  a t  a h ig h  r a t e .  In  th e  m u ta b ile  s t r a in s  
w here a- la r g e  p e r c e n ta g e  o f  th e  p o p u la t io n  i s  lac"", th e  o c c u r r e n c e  o f  
m u ta tio n  from th e  la c ~  t o  th e  lacH" s t a t e  becom es in c r e a s in g ly  p r o b a b le .  
When such  a  m u ta tio n  o c c u r s ,  i t  h as a c q u ire d  o n ly  th e  p o t e n t i a l  a b i l i t y  
t o  s y n t h e s iz e  t h i s  enzym e. Then th e  la c" ^ a d a p ted  c e l l s  h a v in g  c o n s id e r ­
a b le  s e l e c t i v e  ad van tage o v e r  th e  la c  c e l l s  i n  th e  p r e se n c e  o f  l a c t o s e ,  
w i l l  soon  overgrow  th e  o r i g i n a l  p o p u la t io n ,
E. c o l i -  m u ta b ile  and S . so n n e i produce s im i la r  grow th on l a c t o s e  
a g a r . Both organ ism s form  la c " H p a p illa e  upon p ro lo n g e d  in c u b a t io n .  
A ccord in g  to  Glynn and S ta r k e y  ( 1 9 3 9 ) ,  th e  la c " t" p a p illa e  o f  S . s o n n e i  
do n o t breed  t r u e .  They found th a t  each tim e  th e  seco n d a ry  p a p i l l a e  
w ere r e p la t e d ,  th e  c o lo n ie s  s t a r t e d  as a l a c ~  c o lo n y  formed th e  seco n d a ry  
la c 4 " c o lo n ie s  o n ly  upon co n tin u ed  in c u b a t io n , N e te r  (1 9 4 2 ) f e l t  t h a t  th e  
ap p earan ce o f  th e s e  p a p i l l a e  upon p r o lo n g ed  in c u b a t io n  was r e s p o n s ib le  f o r  
th e  l a t e r  fe r m e n ta t io n  c f  l a c t o s e  r a th e r  than  a s lo w  u t i l i z a t i o n  o f  th e  
c a r b o h y d r a te . Sage and S p a u ld in g  (1 9 4 2 ) i s o l a t e d  two a t y p ic a l  s t r a i n s
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o f  E b e r t h e l la  ty p h o sa  t h a t  ferm en ted  l a c t o s e  and su c r o se  i n  th r e e  d a y s .  
The a b i l i t y  t o  ferm en t l a c t o s e  was r e ta in e d  even  a f t e r  s to r a g e  o f  th e  
organ ism s f o r  f i v e  months a t  1  C on e x t r a c t  a g a r . However, a f t e r  e ig h t  
m onths o f  s to r a g e  t h e  s t r a in s  l o s t  t h e i r  a b i l i t i e s  t o  ferm en t l a c t o s e  o r  
s u c r o s e .  They th e n  t r i e d  to  r e a c t iv a t e  th e  enzyme by h o ld in g  th e  organ­
ism s i n  l a c t o s e  b ro th  f o r  19 months and th en  by t r a n s f e r r in g  b i-w e e k ly ,  
b u t th e  o rgan ism s d id  n o t r e g a in  th e  a b i l i t y  to  ferm ent l a c t o s e  or  
s u c r o s e .  S in c e  p o p u la t io n s  o f  c e l l s  w ere a b le  t o  undergo changes in  
t h e i r  a b i l i t y  to  m e ta b o liz e  v a r io u s  comnounds Cohn e t  (1 9 5 3 )  
d is t in g u is h e d  m u ta tio n  and s e l e c t i o n  from  in d u c t io n .  Y et i t  i s  n ot  
o f t e n  p o s s ib le  t o  d i s t in g u i s h  betw een  th e s e  two k in d s  o f  a d a p ta t io n  and 
b o th  k in d s  may be in v o lv e d  i n  what seem s t o  be a s in g l e  a d a p tiv e  p r o c e s s  
(D ixon  and Webb„ 1958)»
I t  h a s  been r e p o r te d  in  th e  l i t e r a t u r e  th a t  S . so n n e i can be 
" tra in ed "  t o  ferm en t l a c t o s e  more r a p id ly  by c u l t i v a t i o n  in  l a c t o s e  
medium (S e a r s  and S c h o o ln ik , 1 9 3 6 ) .  Cook, Knox, and T om linson (1 9 5 1 )  
b e l ie v e d  t h a t  th e  sp eed  o f  fe r m e n ta t io n  depended uoon th e  p r o p o r t io n  o f  
m utant c e l l s  p r e s e n t .  The p e r c e n ta g e  o f  mutant c e l l s  i s  d ependent upon  
r a te  o f  m u ta tio n , r e l a t i v e  grow th r a t e s  o f  norm al and m utant c e l l s ,  
suid p o s s ib l e  in h ib i t o r y  e f f e c t  o f  normal c e l l s  on grow th o r  a d a p ta t io n  
o f  th e  m u tan t. L ate  fe r m e n ta t io n  may be a cco u n ted  f o r  by th e  t im e  ta k e n  
f o r  v a r ia n t  c e l l s  to  m u lt ip ly  s u f f i c i e n t l y  t o  produce a d e t e c t a b le  e f f e c t .  
They b e l ie v e d  t h a t  th e  c a p a c ity  o f  t h e s e  lacH* m utants t o  ferm en t r a p id ly  
d u r in g  grow th was a s t a b le  c h a r a c t e r i s t i c  unchanged by s u b c u ltu r e  i n  th e  
a b se n c e  o f  s p e c i f i c  s u b s t r a t e ,  G lynn and S ta r k e y  (1 9 3 9 ) n o te d  t h a t  th e
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le n g th  o f  t im e  r e q u ir e d  f o r  c o lo n ie s  o f  3 .  so n n e i t o  produce lac~h p a p i l l a e  
c o u ld  be r o u g h ly  c o r r e la t e d  w ith  th e  t im e  r e q u ir e d  f o r  th e  s t r a in s  to  
ferm en t l a c t o s e  in  a l i q u i d  medium.
A ttem p ts to  a l t e r  th e  r a t e  o f  l a c t o s e  fe r m e n ta t io n  b y  S , so n n e i  
and o th e r  s lo w  l a c t o s e  fe r m e n tin g  b a c t e r ia  by means o th e r  than  grow ing  
i n  l a c t o s e  have met w ith  l i t t l e  s u c c e s s .  Mundt and H itc h n e r  (1 9 4 0 )  
w ere n o t a b le  to  in c r e a s e  o r  r e ta r d  th e  r a te  o f  l a c t o s e  fe r m e n ta t io n  by  
a l t e r i n g  th e  c o m n o sitio n  o f  th e  medium ( d e c r e a s in g  th e  o r g a n ic  n i t r o g e n ) ,  
u s in g  m a ss iv e  in o c u la ,  a l t e r in g  th e  r a t io  o f  s u r fa c e  a re a  to  th e  volum e  
o f  t h e  t e s t  medium, and in o c u la t io n  from c u l t u r e s  o b ta in e d  b y  s in g l e  
c e l l  i s o l a t i o n .  K acoyan is (1 9 5 7 ) a ls o  t r i e d  t o  in c r e a s e  th e  r a te  o f  
l a c t o s e  fe r m e n ta t io n . H is m ethods in c lu d e d :  in c r e a s in g  th e  c o n c e n tr a ­
t io n  o f  l a c t o s e ,  p e p to n e , and meat e x tr a c t  i n  th e  fe r m e n ta t io n  b ro th ;  
a g in g  in  l a c t o s e - f r e e  b ro th ; i r r a d ia t in g  c u ltu r e s  w ith  u l t r a v i o l e t  
l i g h t ;  u s in g  manganous c h lo r id e  fo rm a ld eh y d e , p h e n o l, and sodium  d e so x y -  
c h o la te  t o  produce m u tagen ic  e f f e c t s .  None o f  t h e s e  p ro ced u res  in c r e a s e d  
th e  r a te  o f  m u ta tio n  or  th e  sp eed  o f  l a c t o s e  f e r m e n ta t io n .
K acoyan is and Baker (1 9 5 5 )  found th a t  l / 3  o f  a c u ltu r e  o f  S . so n n e i  
was la c 4 " a f t e r  h o ld in g  10 days in  l a c t o s e  b r o th . These m u tan ts w ere  
s t a b le  and r e ta in e d  th e  a b i l i t y  t o  ferm en t l a c t o s e  w ith in  48 h ou rs even  
a f t e r  30  s u b c u ltu r e s  in  m edia n o t  c o n ta in in g  l a c t o s e .  They b e l ie v e d  
t h a t  a s  few  as 1.0 lac"H organ ism s p r e se n t  in  a la r g e  number o f  norm al 
o rgan ism s co u ld  p rod u ce prompt f e r m e n ta t io n . Thus s lo w  fe r m e n ta t io n ,  
a c c o r d in g  t o  t h e s e  w o rk ers , was due to  th e  a b se n c e  o f  la c t o s e - f e r m e n t in g  
m utants in  th e  in o c u la .  T hese a u th o r s  f e e l  th a t  l a c t o s e  f e r m e n ta t io n  by
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s. s o n n e i was due to  th e  appearance o f  m u ta n ts , but th e y  co u ld  n o t  
e s t a b l i s h  w h eth er o r  n o t  l a c ”̂ ~ c e l l s  a r i s e  sp o n ta n e o u s ly  o r  are s t im u la te d  
b y th e  s u b s tr a te  ( l a c t o s e ) .  K acoyan is (1 9 5 7 ) co n c lu d ed  th a t  th e  l a c 4" 
m u tan ts w hich a r o s e  sp o n ta n e o u s ly  in  c u ltu r e s  o f  norm al organ ism s i n  
n u tr ie n t  b r o th , ten d ed  to  d ie  o u t .  The p r e se n c e  o f  l a c t o s e  seems t o  be 
s e l e c t i v e  f o r  l a c 4“muta n t s .  but he co u ld  n o t e l im in a t e  th e  p o s s ib le  
s t im u la to r y  e f f e c t s  o f  l a c t o s e .
The enzyme r e s p o n s ib le  fo r  s p l i t t i n g  l a c t o s e  i s  p - g a la c t o s id a s e .
I t  i s  an a d a p tiv e  enzyme in  E. c o l i  and o th e r  organ ism s (Cohn. 1 9 5 7 ) .  
p - g a la c t o s id a s e  o f  E. c o l i  has b een  e x t e n s iv e ly  s tu d ie d  in  r e l a t i o n  t o  
in d u ced  enzyme fo rm a tio n  and has been  u sed  in  i n v e s t ig a t in g  th e  m echanism  
and g e n e t ic  c o n t r o l  o f  p r o t e in  s y n t h e s i s .  The p - g a la c t o s id a s e  o f  E, 
c o l i  ML 309 was one o f  t h e  f i r s t  o l i g o s a c c h a r i d e - s p l i t t i n g  enzym es t o  be 
o b ta in e d  i n  pure and c r y s t a l l i n e  form . However, th e  enzyme h as been  
found t o  o ccu r  i n  a v a r ie t y  o f  p la n ts  and an im al t i s s u e s  as w e l l  a s  
o th e r  m icroorgan ism s (W a lle n fe ls  and M alhotra., 1 9 6 0 ) .
L ederberg (1 9 5 0 ) d e v e lo p e d  an a s s a y  m ethod fo r  p - g a la c t o s id a s e ^  
em ploying o r th o -n itr o p h e n y l g a la c t o s id e  (ONPG), a chrom ogenic s u b s t r a t e ,  
w hich  was h y d r o ly z e d . T h is  method le d  t o  work on th e  o c cu r re n ce  and 
a d a p t a b i l i t y  o f  th e  enzyme. Cohn and Monod (1 9 5 1 ) showed by e l e c t r o ­
p h o r e t ic  a n a ly s i s  th a t  t h e  h y d r o ly s is  o f  l a c t o s e  and ONPG was c a ta ly z e d  
by th e  same enzym e. The p r o p e r t ie s  o f  + h is  enzyme in  E . c o l i  were  
exam ined by th e s e  w o rk ers . Landman (1 9 5 7 ) s tu d ie d  th e  enzyme in  B a c i l lu s  
m egaterium  and D a v ie s  (1 9 5 6 ) s tu d ie d  i t  in  S a ccharom yces f r a g i l i s . Maio 
and R ick en b erg  ( i9 6 0 )  worked on th e  p  - g a la c t o s id a s e  o f  mouse t i s s u e .
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The - g a la c t o s i d a s e  from  d i f f e r e n t  s o u r c e s  v a r ie d  in  many r e s p e c t s  such  
a s  s p e c i f i c i t y 5 s u b s tr a te  a f f i n i t y ,  im m u n o lo g ica l c h a r a c te r ,  tu r n o v er  
number, and i n h i b i t i o n .  On th e  o th e r  hand, th e  s p e c i f i c i t y  and immuno­
l o g i c a l  b e h a v io r  o f  th e  enzyme from  E. c o ll .  K 12 A ero b a cter  a e r o g e n e s ,
S , so n n e i and o th e r  m u tan ts c f  E. c o l i  ML w ere found to  be i n d i s t in g u i s h ­
a b le  (Cohn, 1 9 5 7 ) .
The name p - g a la c t o s id a s e  a s  opnosed  t o  la c ta s e ,;  im p lie s  th a t  t h i s  
enzyme may be r e s p o n s ib le  f o r  t h e  m eta b o lism  o f  l a c t o s e  and th a t  i t  may 
b e in d u ced  by o th e r  compounds b e s id e s  l a c t o s e .  A ccord in g  t o  Monod e t  a l . 
( 1 9 5 1 ) ,  in d u c t io n  o f  t h i s  enzyme In  E, c o l i  was l im it e d  e x c l u s i v e l y  t o  
s u b s ta n c e s  p o s s e s s in g  an in t a c t  g a l .a o to s id ic  r a d ic a l .  V a r io u s in v e r s io n s  
o r  s u b s t i t u t io n s  a t  one or  more p o s i t i o n s ,  as w e l l  a s  t h e  s u p p r e s s io n  o f  
carbon  number 6 , r e s u lt e d  in  th e  d isa p p e a r a n c e  c f  th e  in d u c t iv e  p r o p e r ty .  
So i t  has been found th a t p , - g a la c t o s id a s e  p r o d u c t io n  can be in c r e a s e d  
i n  th e  p r e se n c e  o f  su g a r s  w hich are  n e i t h e r  i t s  s p e c i f i c  s u b s tr a te  nor  
can  be u sed  a s  a carbon, so u r c e  (L est-er and Bc^nner, 1 9 5 2 ) . C e r ta in  
c < - g a la c to s id e s  ( m e l ib io s e )  a re  in d u cere  y e t  th e y  a re  n o t h y d ro ly zed  by  
p - g a la c t o s id a s e  (Monod e t  1951)» L e s t e r  and Bonner (1 9 5 2 ) r e p o r te d
th a t  th e  s t im u la t io n  o f  p - g a la c t o s id a s e  by m e lib u c se  was not d i r e c t l y  
in v o lv e d  i n  th e  u t i l i z a t i o n  o f  m e l ib io s e .  bu*- was an i n d ir e c t  co n seq u e n c e . 
T h is  h as b een  found t o  be t r u e  r e c e n t ly  by S h e in in  and C rocker (1 9 6 1  a „ b ) .  
They o b se rv ed  t h a t  m e l ib io s e  in d u ced  th e  co n c u rr en t fo r m a tio n  o f  cx •• 
and p -  g a la c t o s id a s e .
The a b i l i t y  o f  g a la c t o s e  +o in d u ce  p - g a la c t o s id a s e  v a r ie s  from  
organ ism  t o  o rg a n ism . G a la c to s e  i s  a g c c d  in d u c e r  in  B a c i l l u s m egaterium
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(Landman, 1957) ? S ta p h y lo c o c c u s  au reu s (G reaser,, 1955)?  and E„ c o l i  B 
(K oppel e t  , 1953) > w hereas i t  i s  a poor in d u c e r  i n  a w ild  ty p e  o f  
E. c o l i  (H o fs te n , 1 .961),
A v a r i e t y  o f  g a la c t o s id e s  have been  t e s t e d  as in d u c e r s  o f  t h i s  
enzym e, M e th y l-p -d -g a la c to s id e  and m ethyl-p~d- t h lo g a la c t o s id e  (IMG) 
w ere found  to  be good in d u c e r s  o f  th e  enzyme i n  E, c o l i  w hereas p h e n y l-  
p - d - t h io g a la c t o s id e  was n o t (Monod, 1 9 5 6 ) . R e c e n t ly  H o fsten  ( 196I )  
d is c o v e r e d  th a t  f lu o r o ~ p - d - g a la c t o s id e  was a f a i r l y  good in d u c er  o f  th e  
enzyme i n  a w ild  ty p e  o f  E, c o l i  but th a t  a t was n o t a s  e f f i c i e n t  a s  
IMG, T h is  i s  b eca u se  th e  f lu o r o g a la c t o s id e  was h y d ro ly zed  by th e  enzyme 
and TMG was n o t .  The l a t t e r  s i t u a t i o n  i s  an exam ple o f  th e  in d u c e r  
n o t in f lu e n c in g  t h e  g e n e r a l c e l l u l a r  m eta b o lism  and i t s  e f f e c t s  w i l l  n o t  
mask th e  tr u e  co u rse  o f  th e  in d u c t io n  p r o c e s s ,  Monod and Cohn (Cohn, 
1957 ) em phasized  th e  u se  o f  such  " g r a tu ito u s"  in d u c e r s  t o  overcom e a 
p o s s ib le  n o n s p e c if ic  seco n d a ry  e f f e c t s  o f  th e  in d u c e r  on c e l l  m eta b o lism . 
Under such  c o n d it io n s ,  enzyme a c t i v i t y  i s  n o t  i t s e l f  a r a t e - l i m i t i n g  
f a c t o r  f o r  i t s  own s y n t h e s i s .
V ery l i t t l e  has been re n o r te d  in  l i t e r a t u r e  co n cern in g  th e  in d u c ­
t i o n  o f  th e  enzyme in  S , so n n e i o r  e t h e r  s le w  la c t o s e - fe r m e n t in g  organ ­
ism s . Anderson and R ick en b erg  ( i9 6 0 )  found th a t  la c t o s e  was th e  o n ly  
in d u c e r  o f  B - g a la c t o s id a s e  in  P a ra co lch a ctru m  a e r o g e n o id e s  o f  th e  
s e v e r a l  g a la c t o s id e s  th e y  t e s t e d ,  R ick en b erg  ( I 96O) a l s o  a ttem p ted  
t o  in d u ce  th e  enzyme in  S , lo n n e i w ith  l a c t o s e ,  m e lib io s e ,,  and TMG,
H is r e s u l t s  in d ic a t e  th a t TMG was th e  m ost e f f i c i e n t  in d u c e r , e s p e c i a l l y  
i n  t o lu e n e - t r e a t e d  c e l l  p r e p a r a t io n s .
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
1 2
The p e n e tr a t io n  o f  n u t r ie n t s  in t o  c e l l s  may be c o n t r o l le d  by f a c t o r s  
o th e r  th a n  d i f f u s i o n .  The c e l l s  can s e l e c t i v e l y  a ccu m u la te  c e r t a in  
compounds and a re  u n a b le  to  m e ta b o liz e  s u b s t r a t e s ,  even  though th e y  
p o s s e s s  th e  r e le v a n t  enzyme sy stem  (D eere , D ulaney and M ic h e lso n , 1 9 3 9 ) .  
R ick en b erg , Cohen, B u tt in . and Mcncd f l9 5 6 )  p ro v id ed  e v id e n c e  o f  a 
s p e c i f i c  perm ease w hich  c o n tr o ls  th e  p e n e tr a t io n  o f  g a la c t o s id e s  in t o  
th e  c e l l s  o f  E. c o l i  and t h e i r  su b seq u en t h y d r o ly s is  by p - g a la c t o s id a s e .  
They show ed th a t  when p r e v io u s ly  in d u :e d  c e l l s  a re  in c u b a te d  in  th e  
p r e se n c e  o f  la b e le d  p - t h i c g a l a c t o s i d e , th e  c e l l s  a c c ’u n u la te  th e  compound 
i n  am ounts w hich may ex ceed  1 0 0 - fo ld  o r  more i"̂  a concent r a t io n  i n  th e  
e x t e r n a l  medium. The a ccu m u la tio n  r e q u ir e d  en erg y  and was r e v e r s i b l e .
The perm ease was g e n e t i c a l l y  and f u n c t io n a l ly  d i f f e r e n t  from  th e  p - g a la c t o ­
s id a s e ,  but was a ls o  an in d u c ib le  enzym e, (Cohen and Monod, 1 9 3 7 ) .
The p -g a la c to s id e -p e r m e a s e  sys-^ em e x p la in s  why '-y /p t lc  s t r a in s  o f  E„ 
c o l i  n o rm a lly  form  p - g a la c t o s id a s e . .  b u i  a re  im a b le  to  grow on l a c t o s e  
o r  m e ta b o liz e  p - g a la c t o s id e s .  The s t r a in s  a r e  u n a b le  t o  p r o d u c e  th e  
s p e c i f i c  perm ease and th e  g a la c t o s id e s  are  u nab le to  e n te r  th e  c e l l s  
(H erzen b erg . 1 9 5 9 ) .  O ther in v e s t i g a t e r e  have ex ten d ed  th e  s tu d y  o f  
in d u c ib le  and c o n s t i t u t i v e  p erm eases fo r  o th e r  g a la  . t o s  id e s  w h ich  a re  
in d u c e r s  o f  p - g a l a c t o s i d a s e  (Rotman. 1959 Pardee, 195" ). P o llo c k  
(1 9 5 7 )  shewed th a t  n o t  a l l  in c iu .^ b le  sy stem s are  r e g u la te d  by s p e c i f i c  
p e r m e a se s , i . e . ,  th e  I n d u c t i o n  o f  p e n i c i l l i n a s e  i r  B a c i l l u s  c e r e u s .
In  t h i s  c a se  , th e r e  anparen'^ l y  was no n e m ie a b i l i* y  b a r r ie r  betw een s u b s tr a te  
and enzym e.
I t  h as beer; s u g g e s te d  th a t th e r e  e x i s t s  a g e n e t i c  r e la t io n s h ip
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b etw een  E . c o l i  and S h i g e l l a  s p e c ie s  b eca u se  o f  coimnon phages and s im i la r  
m eta b o lism . L u r ia  and Burrous (1 9 5 7 ) have been a b le  t o  mate a number o f  
s t r a in s  o f  S h ig e l la  w ith  E. c o l i  w h ich  r e s u lt e d  in  th e  fo rm a tio n  o f  
h y b rid s  w hich  e x h ib i t  new c h a r a c t e r i s t i c s  t y p i c a l  o f  b oth  o rg a n ism s,
Ewing ( 1953 ) s tu d ie d  th e  s e r o l o g ic a l  r e la t io n s h ip s  b etw een  S h ig e l la  and 
c o l i fo r m  organ ism  and e x o la in e d  th e  in t e r r e l a t i o n s h i n s  o f  th e  fa m ily  
E n te r o b a c te r ia c e a e »  Many 0 a n t ig e n s  o f  S h ig e l la  s e r o ty p e s  w ere r e la t e d  
t o  0  a n t ig e n s  o f  E. c o l i . He found t h a t  a r e la t io n s h ip  e x is t e d  b etw een  
S . so n n e i and an 0 a n t ig e n  o f  a c o l ifo r m  b acter iu m  d e s ig n a te d  C 2? .
He co n clu d ed  th a t  b oth  b io c h e m ic a l and s e r o l o g ic a l  t e s t i n g  o f  unknown 
e n t e r ic  b a c t e r ia  was n e c e s s a r y  to  e l im in a te  th e  chance o f  e r r o r .
The a b i l i t y  o f  t h e  organ ism  to  ferm ent l a c t o s e  i s  one o f  th e  f i r s t  
f e a tu r e s  in v e s t ig a t e d  i n  th e  i d e n t i f i c a t i o n  o f  e n t e r ic  b a c t e r ia .  S . 
so n n e i i s  i n  a u n iq u e p o s i t i o n  sh ared  by o n ly  a few  o th e r  e n t e r ic  b a c i l l i  
such  a s  th e  P a ra co lo n  gro u o , S , so n n e i may ferm en t l a c t o s e  s lo w ly  
( s e v e r a l  days to  s e v e r a l  w e e k s ) . In  u n d er ta k in g  t h i s  s tu d y , we f e l t  
t h a t  in fo r m a tio n  d e a l in g  w ith  th e  f a c t o r s  w h i:h  a f f e c t  th e  l a c t o s e  
fe r m e n ta t io n  o r  more s p e c i f i c a l l y  th e  p - g a la c t o s id a s e  p r o d u c tio n  o f  
t h i s  o rg a n ism , w ould be v a lu a b le  in  u n d er sta n d in g  t h i s  p r o p e r ty  o f  S .  
s o n n e i . T h is in fo r m a t io n , in  tu rn  may be :ome u s e f u l  in  th e  c l i n i c a l  
d ia g n o s is  o f  s h i g e l l o s i s .
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STATEMENT OF PROBLEM
S h i g e l l a  s o n n e i i s  a slow  l a c t o s e  fe r m e n te r . T h is  s tu d y  was under­
ta k e n  t o  i n v e s t i g a t e  th e  f a c t o r s  a f f e c t i n g  l a c t o s e  u t i l i z a t i o n  by t h i s  
o rgan ism . The work was d e s ig n e d  t o  s tu d y  t h i s  p r o p e r ty  in  two w ays. 
F i r s t ,  l a c t o s e  fe r m e n ta t io n  and some f a c t o r s  which a f f e c t  i t  i n  S , 
so n n e i w ere o b se r v e d . S e c o n d ly , th e  enzym e, p - g a la c t o s id a s e ,  was 
m easured in  c e l l  p r e p a r a t io n s  c f  th e  o rgan ism . The organ ism s w ere  
s u b je c te d  t o  v a r io u s  c o n d it io n s  o f  grow th t o  o b se r v e  t h e i r  e f f e c t s  upon 
th e  p r o d u c tio n  o f  t h i s  enzym e. An im p ortan t par'- o f  t h i s  work was t o  
d eterm in e  i f  th e  p - g a la c t o s id a s e  co u ld  be in d u ced  by  p - g a la c t o s id e s  
o r  o th e r  su b s ta n c e s  in  t h i s  o rgan ism . In fo rm a tio n  co n cern in g  t h i s  
p r o p e r ty  o f  t h e  organ ism  may e v e n t u a l ly  be an a id  in  th e  la b o r a to r y  
d ia g n o s is  o f  s h i g e l l o s i s .
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CHAPTER I I I  
GENERAL METHODS AND MATERIALS
E ig h t s t r a in s  o f  S h i g e l l a  s o n n e i .  fo u r  o th e r  s p e c ie s  o f  S h ig e l l a  
and one s t r a i n  o f  E s c h e r ic h ia  c o l i  w ere u sed  in  t h i s  i n v e s t i g a t i o n .
Among t h e  e ig h t  s t r a in s  o f  S . so n n e i th r e e  w ere r e c e iv e d  from Commander 
T. M. F lo y d , N aval M ed ica l C en te r , Bethesda,, M aryland. The Navy M ed ica l 
C en ter  o b ta in e d  s t r a in  B~2Ç69~2 from  C a iro , Egypt i n  J u ly , 1951; s t r a i n  
B-=2506“3 from  Camp Le je u n e . N orth C a r o lin a , on J u ly  23 „ 1954; and s t r a in  
B -2501-3  from  th e  v e s s e l  USS B a y f ie ld  in  Decem ber, 1 9 5 2 . Three o th e r  
s t r a i n s ,  F6. F 1 4 1 . and F264 w ere r e c e iv e d  from Dr. M axwell F in la n d ,  
B oston  C ity  H osp ita l^  B o sto n , M ass. S tr a in  1 3 - t ,  w h ich  was i s o l a t e d  
o v e r s e a s  in  1943 and s e n t  t o  ViTat-.-ter Reed Army H o s p ita l ,  was s e n t  t o  u s  
by Dr, A rthur Abrams. One c u l t u r e ,  w hich  we d e s ig n a te d  s t r a in  CĤ  was 
r e c e iv e d  from Dr, H. M„ G ezon, U n iv e r s it y  o f  P it t s b u r g h  S ch o o l o f  
M ed ic in e , P it t s b u r g h ,  Penn. S h i g e l l a d y s e n t e r ia e  1 s t r a in  4 3 7 9 -6 0 ,
S . b o y d ii  1 s t r a in  NCTC 9731- S . f l e x n e r i  2 a , and s t r a in  01 o f  th e  
A lk a le s c e n s -D is p a r  group (Edwards and Ew ing, 1957) w ere a l s o  em ployed. 
T hese w ere s u p p lie d  u s by Dr. W. H, Ewing o f  th e  L ab oratory  Branch., 
Communicable D is e a s e  Center" U, S , P u b lic  H ea lth  S e r v ic e ,  A t la n ta ,  
G eo rg ia . The c u ltu r e  o f  E. eoiù. was from th e  s to c k  - u ltu r e  c o l l e c t io n ,  
o f  t h e  Departm ent o f  M ic r c b ic lc g y  and P u b lic  H ealth ,, Montana S t a t e  
U n i v e m ’ y, M isso u la , Montana w hich was o b ta in e d  f-cm  th e  Am erican
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Type C u ltu r e  C o l l e c t io n ,  W ash in gton , D„ C. in  1957 .
(2 )  C u ltu r e  M edia;
N u tr ie n t  b ro th  (NB) and n u tr ie n t  a gar  (NA) w ere p rep ared  a c co rd in g  
t o  th e  D ifc o  Manual (1 9 5 8 ), NA s la n t s  were u sed  t o  m a in ta in  s to c k  
c u l t u r e s  w h ich  w ere p r e se r v e d  in  th e  fr o z e n  s t a t e .  NB was t h e  p rim ary  
medium u se d  th ro u g h o u t t h i s  s tu d y . C u ltu r e s  u sed  f o r  th e  d e te r m in a t io n  
o f  l a c t o s e  fe r m e n ta t io n  tim e  (LFT) and p - g a la c t o s id a s e  a c t i v i t y  w ere  
m a in ta in e d  i n  NB.
L a c to se  fe r m e n ta t io n  b ro th  was p rep ared  by ad d in g  5 grams o f  l a c t o s e
p e r  1000  ml. o f  NB, Brom thym ol b lu e  fB a ltim o r e  B io lo g ic a l  L a b o r a to r ie s )
was u se d  i n  a 0 .1 ^  c o n c e n tr a t io n  as th e  pH in d ic a t o r .  T his in d ic a t o r
i s  b lu e  a t  a pH o f  7 .6  and y e l lo w  a+ a pH o f  6 .0 .
A c h e m ic a lly  d e f in e d  medium (E rlan d son  and Mackey, 1958) was u t i l i z e d
d u rin g  p o r t io n s  o f  t h i s  s tu d y . T his medium c o n s is t e d  o f;
KHpPO,
KpHPO,
n I c i
Mg ( a s  MgSc^”7H20'
N ia c in  
Thiam in HCl 
L -A sp a r tic  A cid
G lu co se  (1.0% ) was th e  carbon so u r ce  in  * P ie  medium. The f o l lo w in g  
su b s ta n c e s  w ere t e s t e d  a s  a csrbo^ so u rce; g lu c o s e ,  f r u c t o s e ,  m annose, 
g l y c e r o l ,  m a lto s e ,  and l a c t o s e .  T h ese ca rb o h y d ra tes  w ere u sed  a t  a 
c o n c e n tr a t io n  o f  1,0% . The medium was p rep ared  w ith  d i s t i l l e d ,  d e io n iz e d  
w a te r , a d ju s te d  to  a pH o f  7 .0  and a u t o c la v e !  at 15 pounds o f  p r e s s u r e  
f o r  15 m in u te s ,
E o s in  m eth y len e  b lu e  (EMB) agar fD if - .c )  p la + e s  w ere em ployed t o
R eagent Grade Baker Chem ical 0.067M
Reagent Grade A l l ie d  Chem ical 0.067M
Cert i f  led. F is h e r  S c i e n t i f i c 0.85%
ASC A l l i e d  C hem ical 0.05%
USP Merck 0.001%
N u tr it  ..on a l B io c h e m ica ls 0.03%
N u t r i t io n a l  B io c n e m ic a ls 0.25%
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d e te r m in e  th e  number o f  l a c t o s e  fer m e n tin g  c o lo n ie s »
(3 )  C hem ical 5 g
The so u r c e  and grad e o f  th e  su g a rs  and o th e r  c h e m ic a ls  u sed  th rou gh ou t  
t h i s  work a re  l i s t e d  below :
L a c to se c e r t i f i e l D ifc o
d -m a n n ito l c e r t i f i e d D1 f  cc
M a lto se c e r t i f i e d D ifc o
d -G a la c to se CP Amend Dreg and C hem ical
A lp h a -d -m e lib io  se CP H & M C hem ical
F r u c to se CP P f a n s t i e h l  C hem ical
R a ffI n o se CP P f a n s t i e h l  C hem ical
G ly c e r o l ACS A l l i e d  C hem ical and Drug
T olu en e ACS A l l i e d  Chemical, and Drug
NaCOo'HgO
NagHPO^'lZHsO
ACS A ll ie d  Chem ical and Drug
r e a g e n t Merck
o r th o -n itr o p h e n y l- - g a la c to s id e  (ONPG) Sigma Chem ical
M e t h y l-p - d - t h io g a la c to s id e  (TMŒ) 99% 
im p u r it ie s :  g a la c t o s e  and t r a c e
p  - g a la c t o s i d e
( 4 )  B u ffe r  and S a l in e  S o lu t i o n s :
pure  
me"* hyl
Mann R esearch  Lab.
The p h osp h ate  b u f f e r  u sed  f o r  th e  a s s a y  c'.’ p - g a la c t o s id a s e  was 
composed c f  M/15 d iso d iu m  hydrogen ohospha+e and M/15 p o ta ss iu m  d ihydroger. 
p h o sp h a te 0 These s o lu t io n s  w ere p rep ared  by d i s s o lv in g  23 = 88 grams o f  
Na^HPO^ i n  w a ter  to  make one l i t e r ,  and 9 = 08 grams c f  KH2PÛ2̂ i n  w ater  t c  
make one l i t e r  o f  s o lu t i o n .  T hese s o lu t io n --  w ere "ombined in  th e  fo l lo w in g  
c o n c e n tr a t io n  to  g iv e  a pH o f  7 ,4 :  8 0 .4  ml c f  M /15 Na2HP0^ and 1 9 .6  ml
o f  M/15 KH^PO^o S t e r i l e ,  '-old s a l i n e  (0.85%  - e l u t i o n  w hich was s t e r i l i z e d  
i n  th e  a u to c la v e  at 15 pounds o f  p r e s s u r e  fo r  15 m in a te s )  was u se d  t o  
w ash th e  c e l l  s u s p e n s io n s ,
( 5 )  Main"* e nan ce o f  C u ltu r e s:
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S to c k  c u ltu r e s  o f  th e  organ ism  k ep t f o r  r e f e r e n c e  c u ltu r e s  w ere  
s tr e a k e d  on NA s la n t s  and a llo w e d  t o  grow fo r  2U hours and th e n  r e ta in e d  
i n  t h e  fr o z e n  s t a t e  ( - 2 0  C ). The wc "'king c u ltu r e s  ta k e n  from  t h e s e  
w ere grown in  NB and t r a n s f e r r e d  d a i l y  to  f ' e s h  m ed ia . The c u l t u r e s  
w ere f r e q u e n t ly  ch eck ed  f o r  t h e  p r e se n c e  o f  : ont ajninants by s tr e a k in g  
th e  c u l t u r e s  on NA and EMB p la t e s  and by gram s t a in in g .  They w ere a l s o  
in o c u la t e d  i n t o  su g a r  fe r m e n ta t io n  tu b e s  to  check t h e i r  b io c h e m ic a l  
r e a c t io n s .  The fe r m e n ta t io n  b r o th s  u sed  in c lu d e d ;  g lu c o s e ,  s u c r o s e ,  
l a c t o s e ,  m a lto s e , m a n n ito l .  rh am nose, d u l c i t o l  x y l c s e ,  a d o n ito l ,  and 
s a l i c i n .  The a b i l i t y  to  u se  c i t r a t e  a s  s o l e  so u r c e  o f  carb on , th e  V o g es-  
P r o sk a u er , and th e  m e th y l red r e a c t io n s  w ere a ls o  exam ined. In  a d d it io n ,  
s e r o l o g i c a l  t e s t s  w ere p erform ed  w ith  S h i g e l l a  group D ry o in g  serum  
(L e d e r le )o
M ethods;
The s i z e  o f  t h e  in ocu lu m  was d eterm in ed  c r i c r  t c  in o c u la t io n  o f  th e  
l a c t o s e  ferm en ta tio n , t u b e s .  T h is  was a cco m p lish ed  by making a Is 100  
d i l u t i o n  c f  th e  c u ltu r e  b y  p la t in g  1 ml c f  th e  NB c u ltu r e  in  99 m l o f  
s t e r i l e  w a t e i .  The c e l l  s u s p e n s io n  was d i lu t e d  t o  c b 'a in  a f i n a l  d i l u t i o n  
o f  1 ;1 0 0 ,0 0 0 .  O n e-ten th  ml o f  t h i s  d i l u t i o n  was t r a n s fe r r e d  to  each  
o f  th r e e  NA p l a t e s .  By means o f  s t e r i l e  t " g la s s  ’’hock ey  s t i c k s " ,  
th e  o rg a n ism s were spread  e^^enly e v e r  + he ent i , e s u r fa c e  c f  th e  a g a r .
The p l a t e s  w ere in v e r te d  and in c u b a te d  fo r  24 h ours at 17 C and th e  
c o lo n ie s  w ere cou n ted  w ith  th e  a id  o f  t h e  Quebec Da.”k f i e l d  lo lc n y  
c o u n te r  (S p e n c e r ) . +he number c f  organ ism s p e r  mi was c a lc u la t e d  by
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m u lt ip ly in g  th e  number o f  organ ism s on th e  p l a t e s  by th e  d i l u t i o n  fa c to r »  
S im i la r ly ,  o rgan ism s w ere p la t e d  on EMB a g a r  t o  d eterm in e  th e  p e r c e n ta g e  
o f  th e  p o p u la t io n  th a t  ferm en ted  la c to s e »  The t o t a l  number o f  c o lo n ie s  
w ere co u n ted  a f t e r  in c u b a t io n  f o r  21 48» and ?2 hours* The la c ' f ' c o lo n ie s
(r e d  p a p i l l a e  u s u a l ly  in  th e  c e n t e r  o f  th e  c o lo n y )  w ere a l s o  cou n ted  
and th e  p e r c e n ta g e  o f  th e s e  c o lc r a e s  w ere c a lc u la t e d .
( 7 )  U l t r a v io le t  I r r a d ia t io n .̂
The e f f e c t  o f  u l t r a v i o l e t  (UV) ir r a d ia t io n  upon l a c t o s e  fe rm e n ta ­
t i o n  was s tu d ie d  in  some p o r t io n s  o f  tn e  i n v e s t i g a t i o n .  A G en eral 
E le c t r i c  15 w a tt  "germ ie.idal'* lamp (G15TÔ') w it b an ap proxim ate wave­
le n g th  o f  2 .5 3 7  A was u^ed. The : a l: u la * e d  do .-age was 1 7 .2  ergs/sec/m m '* . 
One ml c f  th e  c e l l  s u s o e n s io n  +c be ir r a d ia * eh wa- t r a n s fe r r e d  t o  each  
o f  t h r e e  s t e r i l e  p e t r i  d is h e s .  T h is  volum e j u s t  co-rersd th e  bottom  o f  
th e  d i s h .  The d is h e s  w ere p la c e d  in  a c a b in e t  w hich c o n ta in e d  th e  UV 
.lamp. The +ope o f  th e  d is h e s  w ere removed *o ex p o se  th e  organ ism s t o  
t h e  UV l i g h t .  The c e l l s  w ere exp osed  'c  Ih?' lig h +  fo r  !.. 5. and 10  
m in u te s . Im m ed ia tely  a f *■ e r  rem oving th e  c e l l s  from  th e  UV c a b in e t., 
aluminum f o i l  was p la c e d  ev er  ‘ he d .s n e s  o m in im ize th e  p o s s i b i l i t i e s  
c f  p h o to r e a c t iv a + io n . O n e  t e n t  n ml o f  ea 'h  o f  'h e  ir r a d ia te d  c u l t u r e s  
was t r a n s f e r r e d  d a i l y  fo r  th r e e  day - *e ■‘ hey w ere t e s t e d  fo r  l a c t o s e
fe r m e n ta t io n  o r  p - g a la c tc s i .d a s e  a c ' , v : t v .  U nir a d ia te d  c o n tr o ls  w ere  
a ls o  assayed »
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SPECIAL EXPERIMENTAL METHODS AND MATERIAIS
( 1 )  P e t e r m in a t io n o f  L a c to se  Ferm enta t io n  Time ( LFT)s
The Brom thym ol b lu e  (BTB) l a c t o s e  b r c th  was d isp e n se d  in t o  t e s t
tu b e s  (5  m l/ t u b e ) ,  a u to c la v e d  and s to r e d  in  th e  r e f r ig e r a t o r  u n t i l
used» Each exp erim en t r e q u ir e d  20  t u b e s .  To d e term in e  an a v er a g e  LFT„
th e  o rg a n ism s w ere grown in  NB and t r a n s f e r r e d  t o  f r e s h  m edia e v e r y  24
h o u r s . One ml o f  a 24  hour c u ltu r e  was t r a n s fe r r e d  (w ith  a s t e r i l e
p i p e t t e )  t o  99 ml o f  s t e r i l e  d i s t i l l e d  w a te r . O n e-ten th  ml o f  t h i s  c e l l
s u s p e n s io n  was u se d  t o  in o c u la t e  each  o f  th e  20 l a c t c s e  fe r m e n ta t io n
t u b e s .  The c e l l  s u sp e n s io n s  w ere a d d i t io n a l ly  d i l u t e d  and p la te d  on
NA p l a t e s  to  d e term in e  t h e  c e l l  c o u n ts  o f  t h e  in o c u la .  The in ocu lu m
S As i z e s  ranged  from 1 .0  x  10 to  1»8 x  10 organ ism s p e r  ml.. The tu b e s  
w ere in c u b a te d  a t  37 C and exam ined v i s u a l l y  e v e r y  day f o r  a c id  p ro d u c­
t i o n .  The app earan ce o f  th e  y e l lo w  ' c l c r  In  t h e  p r e se n c e  o f  a c id  was 
som etim es so  g ra d u a l t h a t  i t  was n e c e s s a r y  to  compare th e  tu b e s  w ith  
a 24  hour c u ltu r e  o f  E. c o l i  (a  p o s i t i v e  a c id  r e a c t io n ) .  The number o f  
tu b e s  th a t became p o s i t i v e  a c c o r d in g  *o  our sta n d a rd  was reco rd ed  each  
d ay  and th e  tu b e s  w ere th en  d isc a r d e d  A d m itted ly  th e r e  i s  a d eg ree  o f  
s u b j e c t i v i t y  in  th e  r e c o r d in g  o f  l a c t o s e  ferm en ta ’ io n . The tu b e s  w ere  
h e ld  u n t i l  t h e y  a l l  produced t h e  a "id r e a c t io n .  The v o l’ime o f  th e  BTB 
l a c t o s e  b ro th  was in c r e a s e d  from 3 mi ' o .10 ml. in  cn/-' p h a se  o f  th e  e x p e r i­
m ent.
Atterap.ts to  a l t e r  th e  LFT w ere made by grow ing th e  organ ism s xr..
20
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NB c o n ta in in g  v a r io u s  s n g a r s . The c u l t u r e s  w ere t r a n s f e r r e d  d a i l y  t o  
f r e s h  m edia  f o r  3 d ays p r io r  t o  d e te r m in a t io n  o f  th e' LFT.
( 2 ) A ssay  o f  p  - g a l a c t o s id a s e ^
A 2<+” h r c u ltu r e  o f  t h e  organ ism  grown in  NB (2,50 ml. f l a s k )  was 
h a r v e s te d  by c e n t r i f u g a t io n  f o r  a t  l e a s t  40  rrin a t  3 ,0 0 0  rpm. The 
su p er n a ta n t f l u i d  was d is c a r d e d . The c e l l s  w ere resu sp en d ed  i n  cold ., 
s t e r i l e  s a l i n e  and r e c e n t r i fu g e d  The su p er n a ta n t f l u i d  was d eca n ted  
and d isc a r d e d ;  th e  c e l l s  w ere resu sp en d ed  in  d i s t i l l e d  w a te r . The d e n s i t y  
o f  t h i s  c e l l  su sp e n s io n  was a d ju s te d  c an o p t ic a l  d e n s i t y  (OD) rea d in g  
o f  1*0 on a  Coleman J u n io r  S p ectro p h o to m eter  w ith  a wave le n g th  s e t t i n g  
o f  420  mu.
The method o f  a s s a y  was b ased  cn th e  i c l o r  m e tr ic  d e te r m in a t io n  
o f  o -n it r o p h e n o l  r e le a s e d  from  a chrom ogenic sub s^ rate^  o -n it r o p h e n y l-  
p - g a la c t o s id e  fONPG). and was a m o d ifi ca+ io n  o f  L ed ^ rb erg 's  method  
( 1950 ) .  I n ta c t  c e l l s  and t o lu e n e - t r e a t e d  c e l l s  w ere a ssa y ed  c o n c u r r e n t ly .  
The t o lu e n e  trea tm en t (K oppel P o r te r , and C rocker. 19.53) 'o n s r s te d  o f  
ad d in g  0 ,1  ml o f  t o lu e n e  t o  1 ml o f  th e  p rep ared  ; .e l i  s u s p e n s io n s ,
sh a k in g , and in c u b a t in g  a~ 3"̂  C fc^  10 m in i.
One ml o f  i n t a c t  c e i l s ,  + o lu e n e -f  rea red  c e l l s ,  and rea g en t b la n k s  
w ere a s s a y e d . S even  ml o f  phcepha'-e b u ffe  ' (pH w ere added each
o f  th e  a s s a y  m a te r ia l? .  The tu b e s  vrere p la  ed .n th e  in c u b a to r  (3 7  C)
f o r  10 min t o  b r in g  th e  s o lu t io n s  tc  3'~" C. One ml c f  M sodium  ca rb o n a te
was added t o  th e  rea g en t blank to  in h ib i^  th e  r e a c t io n .  Then 1 ml o f  th e  
s u b s tr a te  (M /200 s o lu t io n  o f  ONPG) was added  ̂ c  a l i  th e  tu b e s  and th e
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tu b e s  w ere in c u b a te d  a t  37 C f o r  20 m in. One ml o f  th e  sodium  ca rb o n a te  
was added a t  th e  end c f  t h i s  tim e  in  c r d e r  t o  s to n  th e  r e a c t io n .  The 
tu b e s  w ere th e n  c e n t r i fu g e d  a t  3 ,0 0 0  *rpm fo r  abr\h  20 m in c r  u n t i l  th e  
su p e r n a ta n t f l u i d  became c le a r .  The OD (at 120 mu) was d eterm in ed  fo r  
each  tu b e  a g a in s t  a w a ter  b la n k . The r e a d i n g  f o r  th e  reagen t b lank was 
s u b tr a c te d  from  th e  rea d in g s  o b ta in e d  w ith  in t a c t  c e l l s  a n d /o r  t o lu e n e -  
t r e a t e d  c e l l s . The c o n c e n tr a t io n  o f  0 -n itr o n h e n o l l ib e r a t e d  in  th e  
r e a c t io n  was d eterm in ed  from  a c a l ib r a t io n  c u n /e  ( s e e  F ig u re  l )  w hich  
was p rep a red  by com paring OD v a lu e s  f o r  v a r y in g  c o n c e n tr a t io n s  o f  th e  
compound ( r e a c t io n  p r o d u c t)„
To d eterm in e  th e  enzyme ac t iv i ty  p er  mg o f  c e l l s .  1 ml o f  th e  o r i g i n a l  
c e l l  s u s p e n s io n  was d r ie d  i n  th e  oven  at. approxim at e l y  85 C. The amount 
o f  ONP r e le a s e d  as d eterm in ed  from  th e  stan d ard  curve was d iv id e d  by  
t h e  d ry  w e ig h t in  mg c o n ta in e d  i n  th e  a l iq u o t  o f  c e l l s .  T h erefo re , th e  
a c t i iT ity  o f  p  - g a la c t o s id a s e  was reco rd ed  as th e  number o f  m icrom oles  
o f  ONP l ib e r a t e d  from  c - n it r o p h e n y l - p - d - g a la c t c s ia e  in  20 min at 37 C /mg 
d ry  w e ig h t  o f  c e l l s .
D uring c e r t a in  p h a ses  c f  t h i s  s tu d y , enzyme a s s a y s  w ere a ls o  
perform ed  on c e l l  e x t r a c t s .  This was done by shak in g  th e  c e l l  su sp e n ­
s io n s  f o r  60 man at 4 C w ith  g l a s s  beads ( B a l l i n i  beads, s i z e  lOA) 
u s in g  th e  Mickle T is s  ..e D is in t e g r a t e  '. A pproxim ately  ml o f  th e  c e l l  
s u s p e n s io n s  w ere needed  f o r  t h i s  p.rr ^ e iu re ;  one ml o f  t .he d is r u p te d  c e l l s  
was th en  a s sa y e d ,
Atte.Tipt.3 t o  in c r e a s e  th e  product i c r  o f  p -g a la c to s id a s e  were made 
b y grow in g  th e  o rgan ism s in  t^ e p ree en ' e c f  v s r ic u s  ca rb o h y d ra tes fo :-
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FIGURE 1
C a l ib r a t io n  curve show ing th e  o n t i c a l  d e n s i t y  r e a d in g s  
f o r  v a r io u s  c o n c e n t r a t io n s  o f  o r t h o - n i t r o n h e n o l  a t  
420 mu on a Coleman S n e c tr o n h o to m e te r .
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3 d a y s  p r i o r  t o  an a s s a y  c f  t h e  enzyme. L a c to se  g a l a c t o s e ,  g l u c o s e ,  
m e l i b i o s e ,  r a f f l n o s e ,  and TMG w ere em ployed. The e f f e c t s  o f  o h y s i c a l  
f a c t o r s  such a s  tem p era tu re  o f  grow th and pH o f  growth were examined  
by grow ing th e  o rg a n ism s ( i n  NB) at 15 25 . j'" , and 10 C, and a t  pH
v a l u e s  o f  6 ,  7 ,  3, ard  9 f o r  3 d ays  p r i o r  t o  p erfo rm in g  th e  enzyme a s s a y ,
A c e l l  s u s p e n s io n  was i r r a d ia + e d  w i t h  UV l i g h t  im m e d ia te ly  p r i o r  t o  th e  
enzyme a s s a y .  The s t a b i l i t y  c f  t h e  enzyme was d e term in ed  by a s s a y in g  
c e l l s  which w ere s to r e d  a*" tem p era tu res  ranging  from 4 t o  40 C f o r  p e r io d s  
up t o  one w eek.
D uring  one p h ase  o f  t h i s  stu d y , "he c h e m ic a l ly  d e f in e d  medium o f  
E rla n d so n  and Mackey was u sed  in  p la c e  o f  NB. The organ ism s were grown 
i n  t h i s  medium f o r  3 days b e fo r e  ’:he enzyme a s s a y s  were perform ed. The 
carbon so u r c e  i n  th e  medium was v a r ied ;  f r u c t o s e _ mannose, g l y c e r o l ,  
m a lt o s e ,  and g lu c o s e  were t e s t e d  a s  carbon ? c  rc e -„
A ttem pts were made to  in d u ce  p g a l a c t o s i d a s e  a c t i v i t y  em ploying  
washed c e l l  s u s p e n s io n s .  E i t h e r  l a c t o s e  o r  TMG was u sed  as  th e  in d u c e r .  
These were made up i n  s o l u t i o n s  c o n t a in in g  e i t h e r  NB or  d i s * i i l e d  w a te r .  
These " in d u cin g  s o lu t i o n s "  w ere added t o  th e  c e l l  s u s p e n s io n  sc +hat  
t h e r e  were at l e a s t  2 ml o f  in d u ' in g  s o l u t i o n  f o r  each  ml o f  c e l l  
s u s p e n s io n .  The in d u c t io n  p e r io d  ranged  f'vm  2 "o 13 hours;  th e n  th e  
enzyme a s s a y  was perform ed . Enzyme ir duct io n  was u s u a l l y  car:'"led o u t  a t  
37 C. However, e x p e r im e n ts  were conducted  tc d eterm in e t h e  optimum 
tem p e r a tu r e  fo r  enzyme in d u c t io n .  The same methods w ere u sed  "c in d u c e  
enzyme a c t i v i t y  o f  c e l l  ex tra -* '^ ,
" nduction  o f  s ta r v e d  c e l l  s u s p e n s ic n s  was a l s o  a t te m p te d . The c e l l
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s u s p e n s io n s  were p la c e d  at 3? G f o r  a p e r ic d  o f  24 h o u rs  p r i o r  t o  th e  
a d d i t i o n  o f  t h e  in d u c in g  agen^ . The exoerinierr s were r e o e a te d  under  
c o n d i t io n s  where in d u c t i r n  was c a r r i e d  cut in  t .tie p resen  :e  c f  s o u r c e s  
o f  carb on . M a l t o s e . g l u c o s e  and l a c t o s e  ( O . ' # )  were employed a s  s o u r c e s  
o f  carbono
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RESULTS
( 1 )  L a d  056 Fermentat i o n :
E ig h t  s t r a i n s  o f  S h i g e l l a  s o r n e i  were t e s t e d  i n  o rd er  t o  o b t a in  
t h e  a v e r a g e  l a c t o s e  f e r m e n t â t ic n  tim e (LFT).. The LFTts o f  th e  v a r io u s  
s t r a i n s  a r e  shown i n  F ig u r e  2„ S ev en  o f  th e  e i g h t  s t r a i n s  have compar­
a b le  LFTts, The a v e r a g e  number o f  days was c a l c u l a t e d  by m u lt ip ly in g  
t h e  number o f  tu b e s  t h a t  became p o s i t i v e  by th e  day o f  th e  t e s t  w hich  
t h i s  occurred^ For exam ple, i f  2 tu b e s  became p o s i t i v e  on t h e  3rd d ay ,  
th e n  2 x 3  was c a l c u l a t e d  f o r  th a t  day» T h is  was dene f o r  each  day o f  
th e  t e s t  and th e  sum o f  t h e s e  number? were d iv id e d  by th e  t o t a l  number
o f  tu b e s  ( 2 0 )  „ These r e s u l t s  a r e  l i s t e d  i n  T able  .I , A c u l t u r e  o f  E.
c o l i  was a l s o  t e s t e d  and found  t o  ferment l a c t o s e  i n  l e s s  than  2U h o u rs .  
Other s p e c i e s  o f  S h i g e l l a  were t e s t e d  and none c f  them ferm en ted  l a c t o s e  
w i t h in  20 d a y s .  The range o f  t h e  LFT'^s o f  t h e  e i g h t  s t r a i n s  o f  S ,  s o n n e i  
was from  4 . 4  t o  7 , 6  d ays w ith  an a v e r a g e  o f  5 ,3  d a y s .  When s t r a i n
B -2506-3  was r e t e s t e d ,  t h e  a v e r a g e  LFT’ s were 5 ,6  days and 4 , 5  days w ith
an a v e r a g e  o f  5 ,1  d a y s .  In  mosf ca ses . ,  th e  exp er im en ts  were r e p e a te d  
w ith  o t h e r  s t r a i n s .
When th e  volume o f  th e  f e r m e n tâ t i c n  tu b e s  was in c r e a s e d  from 5 tc  
10 ml., th e  LFT d id  not ch a n g e .  This i s  r eco rd ed  i n  T able  2 f o r  two 
s t r a i n s  o f  S ,  s o r r e i , S t r a in  B-2501 t had an a v era g e  LF^ c f  5 ,4  days
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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FIGURE 2
A verage l a c t o s e  f e r m e n ta t io n  t im e  f o r  8 s t r a i n s  
o f  3 .  s o n n e i .
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Table  1
Time r e q u ir e d  fo r  S h i g e l l a  s o n n e i  t o  ferment l a c t o s e
S t r a in  Average number o f  days'^
B -2569-2 7 ,6
F 6 4 .6
F 141 5._
B^2506-? 5 .1
B^250:-3 F.C
F 26.4 4 .5
C H 5 .5
1 3 -3 iX a 4
o b ta in e d  by a v era g zn g  t h e  r e s u l t  - i r  20 tubes,,
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T ab le  2
Comparison o f  l a c t o s e  f e r m e n t a t io n  t im e  o f  S h i g e l l a  s o n n e i  
i n  5 and 10 ml o f  f e r m e n ta t io n  b ro th
S t r a in  Number o f  days r e q u ir e d  to  ferm ent
la c to se" ”'
5 m: 10 ml
B-2501-3 5oi 5 .2
B -2506-3  5 . 1  5 .9
*  O btained  by a v e r a g in g  t h e  r e s u l t s  in  10 +ubes,
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i n  5 ml and an a v e r a g e  LFT o f  5 . 2  days i n  10 m l. The LFT f o r  s t r a i n  
B -2506-3  was s l i g h t l y  l o n g e r  i n  10 ml o f  b r o th ,  but t h e  d i f f e r e n c e  was 
l e s s  th a n  a d ay . The c o n c e n t r a t io n  o f  l a c t o s e  and a l l  o th e r  in g r e d i e n t s  
o f  t h e  b ro th  were t h e  same a s  i n  th e  5 ml am ounts. A lso  t h e  inocu lum  
s i z e  rem ained i n  th e  range o f  1 . 0  x  10^ t o  1 , 8  x  10® organ ism s p e r  m l.
The p e r c e n ta g e  o f  t h e  c o l o n i e s  on EMB w hich ferm en ted  l a c t o s e  was 
d eterm in ed . There w ere no d e t e c t a b l e  p in k  c o l o n i e s  a f t e r  24 hours o f  
in c u b a t io n  f o r  any o f  t h e  s t r a i n s  o f  S .  sonnei. t e s t e d .  The co u n ts  a f t e r  
48 and ?2 hours were e x tr e m e ly  v a r i a b l e .  For one s t r a i n ,  t h e  p e r c e n ta g e
o f  p o s i t i v e  c o l o n i e s  ranged  from 11^ t o  57^ a f t e r  4 8  hours o f  in c u b a t io n .
A f t e r  t h e  72 hour p e r io d ,  one s t r a i n  ranged from kk% t o  81^ p o s i t i v e  
c o l o n i e s .  The a v e r a g e s  f o r  a l l  t h e s e  d e te r m in a t io n s  are  g iv e n  i n  T ab le  3 .
( 2 )  S t u d i e s  w i t h  I n d u c e r s :
A curve  was drawn by p l o t t i n g  t h e  niomber o f  tu b e s  showing l a c t o s e  
f e r m e n t a t io n  f o r  each day o f  t h e  t e s t  a g a in s t  in c u b a t io n  t im e .  A 
c o m p o site  cu rve  o f  th e  e i g h t  s t r a i n s  o f  S ,  s o n n e i  i s  i l l u s t r a t e d  i n  
F ig u r e  3 .  T h is  was done t o  show g r a p h i c a l l y  t h e  b a s a l ,  uninduced  l e v e l  
o f  LFT, F ig u r e  3 a l s o  shows t h a t  when organ ism s w ere grown i n  0 ,5 ^  
l a c t o s e  p r i o r  t o  t h e  t e s t ,  t h e  LFT d e c r e a s e d .  The l a r g e s t  number o f  
l a c t o s e  p o s i t i v e  tu b e s  o c c u r r e d  on t h e  f i r s t  day and th e  a v e r a g e  t im e  
was 3 . 3  days ( s t r a i n  B -2 5 0 6 -3 ) ,  The peak o f  t h e  com n osite  c u rv e  o c c u r r e d
on t h e  f i f t h  day and t h e  a v e r a g e  t im e  was 5 .3  d a y s .  O ther c o n c e n tr a ­
t i o n s  o f  l a c t o s e  were t e s t e d  and th e  r e s u l t s  are  i l l u s t r a t e d  i n  F ig u r e  4 .  
The cone e n t r â t  .ion o f  l a c t o s e  y i e l d i n g  t h e  s lo w e s t  f e r m e n ta t io n  t im e  was
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Table 3
P e r c e n ta g e  o f  l a c t o s e  p o s i t i v e  c o l o n i e s  on e o s i n  m eth y len e  b lu e  a g a r
Organisms Incu bat io n p e r io d  a f t e r  p l a t i n g
24 hrs 48  hrs 72 h rs
E. c o l i 100 “
S .  f l e x n e r i 0 0 0
S . s o n n e i 0 B -2506-3 0 11 62
3 .  s o n n e i ,  F 6 0 36 43
S . s o n n e i , F U+l 0 .20 52
S .  son n e io  B -2569-2 0 24 42
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FIGURE 3
Comoarison o f  l a c t o s e  f e r m e n t a t io n  r a t e  u f t e r  growth i n  0 .5 ^  
l a c t o s e  ( • - • )  w ith  c o m n o s ite  curve o f  o s t r a i n s ,  uninduced  
( 0 - 0 ).
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L A C T O S E  FERMENTATION IN P R EC E DI NG  
( N U M B E R  OF T U B E S )
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FIGUi£ 4 . Comnarison o f  l a c t o s e  f e r m e n t a t io n  t im e s  f o l l o w i n g  
growth i n  v a r io u s  c o n c e n t r a t io n s  o f  l a c t o s e .
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0,255ê w i th  an  a v e r a g e  LFT o f  7„ 5 days„ Growth i n  1.0% and 1.5% 
l a c t o s e  r e s u l t e d  i n  LFT a v e r a g e s  o f  4 -9  and 4 . 4  d a y s ,  r e s p e c t i v e l y .  
T hese l a t t e r  f i g u r e s  w ere l e s s  th a n  th e  a v e r a g e  f o r  th e  co m p o site  
curve,, but 0.5% l a c t o s e  y i e l d e d  t h e  s h o r t e s t  f e r m e n ta t io n  t im e .
The e f f e c t s  o f  grow ing t h e  organ ism s i n  v a r io u s  c o n c e n t r a t io n s  
o f  g a l a c t o s e  were d e te r m in e d .  The r e s u l t s  a r e  summarized i n  T ab le  4 .  
The a v era g e  LFT'^s were l o n g e r  a t  a l l  c o n c e n t r a t io n s  th a n  th e  c u l t u r e s  
grown i n  t h e  ab sen ce  o f  g a l a c t o s e  f o r  s t r a i n  B -2506-3  i n d i c a t i n g  
t h a t  growth i n  g a l a c t o s e  produced  a s l i g h t  i n h i b i t i o n  r a t h e r  than  
in d u c t io n  o f  th e  enzyme, A com parlscn  o f  F ig u r e s  3 and 5 showed a  
d i f f e r e n c e  betw een  th e  e f f e c t s  o f  l a c t o s e  and g a l a c t o s e  upon LFT*s.
Each a r e  on o p p o s i t e  s i d e s  o f  th e  b ase  c u r v e , The e f f e c t s  o f  l a c t o s e ,  
g a la c t o s e , ,  and m e l ib io s e  a r e  shown i n  Table  5. S ,  so n n e i  grown i n  a 
c o n c e n t r a t io n  o f  0.5% O C -m elib io se  y x e ld e d  an avera g e  LFT o f  7 .3  
d a y s ,  w h ich  was comparable t o  t h e  a v era g e  LFT produced f o l l o w i n g  growth  
i n  g a l a c t o s e .
( 3 )  E f f e c t s  o f  U l t r a v i o l e t  Li
The e f f e c t s  o f  UV l i g h t  upon LFT was s t u d ie d .  The LFT o f  c e l l s  
i r r a d i a t e d  f o r  1 and 10  m in u tes  was in c r e a s e d  w hereas th e  LFT o f  c e I l f  
i r r a d i a t e d  f o r  5 m i n u t e s  was s i m i l a r  o u n ir r a d ia t e d  c u l t u r e s  ( s e e  
F ig u r e  6 ) .  A f t e r  1 m inute o f  i r r a d i a t i o n  th e  a v era g e  LFT was 6 .5  d a y s ,  
compared t o  an a v e r a g e  LFT c f  5 .3  days in  u n ir r a d ia t e d  c u l t u r e s .
A f te r  10 m in u tes  o f  i r r a d i a t i o n  i t  was f u r t h e r  e x ’"ended to  8 .7  d a y s .  
U n ir r a d ia te d  c e l l s  and c e l l ?  i r r a d i a t e d  f o r  5 m in u tes  produced a v e r a g e
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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T a b le  4
Average l a c t o s e  f e r m e n ta t io n  t im e s  f o l l o w i n g  growth o f  
S h i g e l l a  s o n n e i  ̂ B-2506~3^ i n  v a r io u s  c o n c e n t r a t io n s  
o f  g a l a c t o s e .
C o n c e n tr a t io n  
o f  g a l a c t o s e
Average number o f  d ays*
0 5 ,1
0.10% 7 . 7
0.25% 7 .9
0.50% 7 . 9
1.00% 7 .6
^ O bta ined  by a v e r a g in g  th e r e s u l t s  in  20 tu b e s .
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FIGURE 5
L a c t o s e  f e r m e n t a t i o n  r a t e  f o l l o w i n g  g r o w t h  i n  0.5; . '  g a l a c t o s e  
( x - x )  a s  c o i .n a r - .d  t o  c o r o o s i t e  c u r v e  o f  s t r a i n s ,  u n i n d u c e d  
C o — o ) m
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Table  5
E f f e c t s  o f  in d u c e r s  c f  p, - g a l a c t o s i d a s e  upon t h e  l a c t o s e  
f e r m e n ta t io n  o f  S h i g e l l a  s o n n e i . s t r a i n  B -2506-3
In d u cer  A verage number o f  d ays
None 5o l
0.5% l a c t o s e  3 .3
0,5% g a l a c t o s e  7 .9
0.5% o c - m e l i b i o s e  7 .3
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
3Ô
CO
o:
X
Csl
e>
z
o
IÜ
oUJ
oca.
CO
IÜOD
ZJ
H
U.
O
OC
UJ
OD
? -z
w
z
X
UIu.
UJCOo
Ho
<
\
/
I N C U B A T I O N  TIME ( D A Y S )
FIGURE 6
L a c t o s e  f e r m e n t a t i o n  r a t e  f o l l o w i n g  e x p o s u r e  t o  1 m in .  
( x - x ) j  5 m in .  ( • - • ) ,  and  10  m i n .  (a - a) o f  u l t r a v i o l e t  
l i g h t ;  n o t  i r r a d i a t  -d ( o - o ) .
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LFT’ s  o f  5 .3  d a y s ,
( 4 ) A ssa y  o f  p  - g a l a c t o s i d a s e  A c t i y j t y
An a s s a y  o f  s e v e r a l  s t r a i n s  c f  S h i g e l l a  s o n n e i  showed th a t  th e  
enzyme was produced  b y  t h i s  organ ism  when i t  was grown i n  n u t r ie n t  
b r o th .  The f i g u r e s  g iv e n  i n  T ab le  6 a re  a v e r a g e s  o f  s e v e r a l  a s s a y s  
f o r  each  s t r a i n .  A ssa y s  o f  s t r a i n  B -2506-3  were r e p e a te d  f i v e  t im e s .
The range o f  enzyme a c t i v i t y  was from 33 t o  64 u n i f s  w i th  an a v era g e  
o f  55 . (One u n i t  e q u a ls  one pi m ole o f  ONP l i b e r a t e d  from ONPG /  mg 
d ry  w e ig h t  o f  c e l l s . )  T h is  i n d i c a t e d  th a t  th e  amount o f  enzyme produced  
by t h i s  organ ism  was c o n s i s t e n t  and t h a t  t h e  d a ta  were r e l i a b l e  enough  
t o  be u se d  a s  a b a s a l  l e v e l  f o r  p u rp o ses  o f  com parison , A com parison  
can a l s o  b e  made from t h e s e  f i g u r e s  o f  t h e  b a s a l  a c t i v i t y  o f  S , s o n n e i  
and E. c o l i . A lthough a r a p id  l a c t o s e  fe r m e n te r  u n -in d u ced  c e l l s  o f  
E. c o l i  c o n ta in e d  l e s s  enzyme than. S ,  so n n e i . .. The n o n - l a c t o s e  fe r m e n te r s  
o f  S h i g e l l a  d id  n o t  produce any d e t e c t a b l e  p - g a l a c t o s i d a s e  a : c o r d in g  
t o  t h i s  a s s a y  method.
T o lu e n e - t r e a t e d  (TT) was c a r r ie d  cot  f c r  v a r io u s  l e n g t h s  o f  t im e  
t o  d e term in e  t h e  e f f e c t s  c f  t o lu e n e  in  i n c r e a s in g  p e r m e a b i l i t y  o f  th e  
c e l l s  w ith o u t  d e s t r o y in g  or  h in d e r in g  enzyme a c t i v i t y .  I t  was found  
t h a t  treatm ent, w i th  t o lu e n e  f o r  10 min-.te ?  in c r e a s e d  +he a c t i v i t y  
w h ile  f u r t h e r  treatm erh d im in is h e d  î he enzyme a c t i v i + y .  To I r e n e - 
t r e a tm e n t  f o r  10 m in u tes  d id  not l y s e  t h e  c e l l s ,  bu" t h e y  appeared  
e lo n g a te d  and w id e r  when examined m i c r o s c o p i c a l l y .  F ig u r e  v i l l i t - 
t r a t e s  a s s a y s  o f  i n t a c t  and t o lu e n t  t r e a t e d  c e l l s  o f  f o u r  s t r a i n s  c f
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T able  6
p - g a l a c t o s i d a s e  a c t i v i t y  o f  i n t a c t  c e l l s
Organism, Enzyme a c t i v i t y ' '
S .  s o n n e i , B -2506-3  55
S . s o n n e i , F 6 48
S . s o n n e i * F 141 69
3 .  s o n n e i * B -2 5 6 9 -2  ^0
3 .  a l k a l e s c e n s - d i s p a r  0
S ,  b o y d i i  0
So dysent e r i a e  0
So f l e x n e r i  0
E. c o l i  21
E x p ressed  as t h e  number o f  o f  ONP l i b e r a t e d  from  
th e  s u b s tr a te . ,  ONPG. /mg d ry  w eigh- o f  c e l l s »
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FIGURE 7
- g a l a c t o s i d a s e  a c t i v i t y  e x p r e s s e d -as uM o f  OMP l i b e r a t e d
f r o m  s u b s t r a t e  o r t h o - n i t r o n h e n y l  " a l a c t o s i d e  n e r  mg d r y  
w e i g h t  o f  c e l l s .  Lower  o a r t  o f  b a r s  i n d i c a t e  a c t i v i t y  o f  
i n t a c t  c e l l s  w h i l e  u p p e r  o a r t  r e o r e s e n t s  t h e  a c t i v i t y  o f  
t o l u e n e - t r e a t e d  c e l l s .
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S ,  s o n n e i  and one o f  E. c o l i . T o lu e n e - t r e a t e d  c e l l s  p o s s e s s e d  more 
enzyme a c t i v i t y  th a n  th e  i n t a c t  c e l l s ;  how ever, t h e s e  v a lu e s  v a r ie d  
somewhat from  a s s a y  t o  a s s a y .  Numerous assay.- showed t h a t  TT in c r e a s e d  
t h e  d e t e c t a b l e  enzyme l e v e l  by a f a c t o r  o f  2 o v e r  t h a t  o f  i n t a c t  c e l l s .
O ther methods o f  c e l l  p r e p a r a t io n s  were a ltern ated  and th e  r e s u l t s  
a re  summarized i n  Table ? . The c e l l - d i s r u p t e d  e x t r a c t  had more 
enzyme a c t i v i t y  than  e i t h e r  i n t a c t  o r  t o l u e p e - t r e a t e d  c e l l s .  I t  was 
found  t h a t  i f  c e l l - f r e e  e x t r a c t s  were made a t  room te m p e r a tu r e ,  th e  
h e a t  o f  t h e  M ick le  t i s s u e  d i s i n t e g r a t o r  d e s tr o y e d  th e  enzjmie a c t i v i t y .  
A ttem pts  were made to  p rep a re  e x t r a c t s  by f r e e z i n g  and thaw ing  t h e  
c e l l  s u s p e n s io n s ;  f r e e z i n g  and thaw ing  t h e  c e l l s  once g r e a t l y  reduced  
t h e  amount o f  enzyme. One attem pt to  make an a c e t o n e - d r ie d  c e l l  
p r e p a r a t io n  r e s u l t e d  i n  no d e t e c t a b l e  enzyme a c t i v i t y ,
( 5 )  E f f e c t  o f  In d u cer s
The organ ism s w ere grown i n  t h e  p r e s e n c e  o f  v a r io u s  c a r b o h y d r a te s .  
The c o n c e n t r a t io n  o f  th e  su g a r s  u se d  in. t h i s  p h ase  o f  th e  work was 
0,^% . The s y n t h e t i c  m e th y l - p - d - 1  h i o g a l a c t o s i d e  ( TMG) was u se d  i n  a 
5 X 10“ ^ M c o n c e n tr a t io n ;  t h i s  c o n c e n t r a t io n  was a d v ise d  by th e  s u p p l i e r s  
o f  TMG f o r  maximum in d u c t io n . ,  Enzyme a c t i v i t y  was g r e a t e r  a t  t h e  end 
o f  3 d a y s  o f  growth i n  l a c t o s e  than  a f t e r  1 o r  2 d a y s  o f  growth in  
l a c t o s e .  T h is  was t r u e  f o r  both  S . so n n e i  and E, c o l i ,  f t - g a l a c t o s i d a s e  
a c t i v i t y  o f  c e l l s  grown in  th e  p r e s e n c e  c f  s e v e r a l ,  in d u c e r s  f o r  3 days  
i s  r e c o r d e d  i n  T ab le  8 ,  F ig u re  8 shows th e  s tr u c tu r a l .  fo.rmu.las f o r  
most o f  th e  in d u c e r s  em ployed i n  t h e s e  e x p e r im e n ts .  N e i t h e r  o f  th e
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T ab le  7
V a r ia t io n  i n  j i - g a l a c t o s i d a s e  a c t i v i t y  o f  d i f f e r e n t  
c e l l  p r e p a r a t io n s
Enzyme a c t i v i t y
E, ; c l i  So son n el <, F 6
I n t a c t  c e l l s  21
T o lu e n e - t r e a te d  (1 0  m in. ) 38
C e l l - f r e e  e x t r a c t  $2
C e l l  e x t r a c t  prepared  by
f r e e z i n g  and th a w in g  n
48
77
25
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T able  8
E f f e c t  o f  in d u c e r s  on th e  f i - g a l a c t c s i d a s e  a c t i v i t y  o f  
S h i g e l l a  sorniei and E s c h e r ic h ia  c o l i
Enzyme a c t i v i t y
S .  c o l i S . s o n n e i ,
B -2 506-3
No in d u c e r 38 1.01
G lucos e 0 7
G a la c to s e 20 30
L a c to se 6.38 131
O C-m elibiose C38 100
E a f f in o s e 145 100
M eth y l-  p ~ d - t h i o g a l a c t o s i d e  
(TMG) 682 482
The c o n c e n t r a t io n  c f  ’ th e  sugars  in  n u tr ie n t  b roth  was 
0 . 5^ w hereas th e  c o n c e n t r a t io n  c f  TMG was 5 x  10"^ M,
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FIGURE â .  s t r u c t u r a l  f o r m u l a s  o f  comnounds  e rnn loyed  a s  i n c i u c e r s  o f  
J 3 > - y a l a c t o s i d a s e .
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m o n o sa cch a r id es  w hich  a r e  components o f  l a c t o s e ,  nam ely , g lu c o s e  and 
g a l a c t o s e  in d u c e d  t h e  p r o d u c t io n  o f  p ~ g a l a c t o s i d a s e .  T h is  was t h e  c a s e  
f o r  b oth  S ,  s o n n e i  and E. co l i . A c t u a l ly  both  su g a r s  appeared  t o  p o s s e s s  
an i n h i b i t o r y  a c t i v i t y  upon t h e  p r o d u c t io n  o f  t h i s  enzym e. T h is  was 
more pronounced w ith  g l u c o s e .  None o f  t h e  s t r a i n s  o f  S ,  so n n e i  y i e ld e d  
enzyme a c t i v i t y  a f t e r  growth i n  g l u c o s e  when i n t a c t  c e l l s  were a s s a y e d .
Two o u t  o f  t h e  fo u r  s t r a i n s  were a l s o  n e g a t iv e  when t o l u e n e - t r e a t e d  c e l l s  
were a s s a y e d  f o l l o w i n g  growth i n  g lu c o s e .  Our r e s u l t s  showed t h a t  
l a c t o s e  was an in d u c e r  o f  t h e  enzyme i n  E. c o l i , but had o n ly  a s l i g h t  
e f f e c t  on t h e  enzyme a c t i v i t y  o f  S ,  s o n n e i . The enzyme a c t i v i t y  in c r e a s e d  
17 t im e s  th e  b a s a l  amount f o r  E. c o l l  and o n ly  1 .3  t im e s  th e  b a s a l  amount 
f o r  S .  s c n n e i  f o l l o w i n g  growth i n  l a c t o s e .  M e l ib io s e ,  w hich  i s  a n o th e r  
co m b in a t io n  o f  g l u c o s e  and g a l a c t o s e  (a lp h a  l i n k a g e )  a l s o  in d u ced  t h e  
enzyme i n  E, c o l i . M e l ib io s e  had n e i t h e r  an in d u c t i v e  nor i n h i b i t o r y  
e f f e c t  on th e  enzyme a c t i v i t y  o f  S .  s o n n e i . R a f f in o s e j  a t r i s a c c h a r i d e  
c o n t a in in g  g a l a c t o s e  i n  an a lp h a  l in k a g e  w ith  s u c r o s e ,  was a l s o  t e s t e d .
T h is  su g a r  f a i l e d  t o  in d u c e  enzyme a c t i v i t y  in  S . s o n n e i . Of th e  compounds 
t e s t e d ,  t h e  o n ly  one which proved  t o  be an in d u cer  o f  | 3 - g a l a c t o s i d a s e  
i n  S .  s o n n e i  was TMl. The s t r a i n  c f  S .  s o n n e i  reco rd ed  in  T able  8 
( B -2506-3)  d id  not p rod u ce  as much enzyme a -  E. co l l  a f t e r  in d u c t io n  
w ith  TMG, S t r a in s  F 6 and F 1,41 y i e l d e d  th e  same amount o f  enzyme a c t i v i t y  
a s  E. c o l i . T h is  amount. 682 u n i t s ,  was abou* t h e  maximum a c t i v i t y  
t h a t  co u ld  be d eterm in ed  by ou r  mê ’h o d .  We were u n a b le  t o  in d u c e  any  
enzyme a c t i v i t y  w ith  th e  o t h e r  s p e c ie s  c f  S h ig e l l a .
( 6 )  E f f e c t  o f  P h y s i c a l  F a c to r s
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Four s t r a i n s  o f  8 .  s o n n e i  and one o f  E. c o l i  w ere grown at 15., 25 ,  
37> and 40  C and t h e n  a s sa y e d  ( b o th  i n t a c t  and TT c e l l s ) .  F ig u r e  9 
shows t h e  r e s u l t s  o f  t h i s  exp er im en t f o r  s t r a i n  F 14 1 . A tem p era tu re  o f  
37 C was o p t im a l  f o r  a l l  t h e  o r g a n ism s ,  a lth o u g h  th e  enzyme a c t i v i t y  o f  
Eo c o l i  v a r i e d  l i t t l e  betw een  31 and 40  C
The e f f e c t  o f  pH o f  growt;h upon th e  p r o d u c t io n  o f  p - g a l a c t o s i d a s e  
i s  i l l u s t r a t e d  i n  F ig u r e  1 0 .  The t e s t  was r e p e a te d  s e v e r a l  t im e s  u s in g  
s t r a i n  B -2 5 6 9 -2  and t h e  a v e r a g e s  o f  t h e s e  d a ta  a re  i l l u s t r a t e d .  There  
was v e r y  l i t t l e  f l u c t u a t i o n  in  enzyme a c t i v i t y  betw een  pH 6 t o  9 a lth ou gji  
t h e  optimum was d e f i n i t e l y  pH 7 ,
The e f f e c t s  o f  UV i r r a d i a t i o n  upon t h r e e  s t r a i n s  o f  S . s o n n e i  and 
a s t r a i n  o f  E . c o l i  a r e  shown i n  F ig u r e  1 1 .  The e f f e c t s  o f  UV l i g h t  on 
th e  t h r e e  s t r a i n s  o f  S ,  s o n n e i  w ere s im ila r . ,  nam ely a d e c r e a s e  i n  enzyme 
a c t i v i t y  a f t e r  1 m inute  o f  e x p o su r e ,  and an in c r e a s e  i n  a c t i v i t y  a f t e r  
5 m in u tes  o f  e x p o su r e .  In  most c a s e s ,  th e  r e s u l t s  o f  t h e  5 m inute t r e a t ­
ment w itn  UV l i g h t  were t h e  same a s  th e  u n tr e a te d  c o n t r o l s .  T h is  d a ta  
co rresp o n d ed  w ith  t h a t  o f  th e  l a c t o s e  f e r m e n ta t io n  s t u d i e s .  F iv e  m inute  
exp osu re  t o  UV l i g h t  d id  not a l t e r  th e  L F T w h e r e a s  i. and 10 mi.nute 
p e r io d s  in c r e a s e d  t h e  a v e r a g e  LFT v a l u e s .
V a r ia t io n  in  t h e  s t r a i n s  was n o te d  when th e  c e l l  s u s p e n s io n s  w ere  
i r r a d i a t e d  im m ed ia te ly  p r i e r  t o  a s s a y  c f  + he enzyme (T a b le  9 ) ,  One- 
and 5-minut e p e r l c d s  c f  i r r a d i a t i c n  d e c r e a s e d  *-he amcunt o f  enzyme in  
two s t r a i n s  (Et 2 5 0 6 -3  and F 1 4 1 )  - The enzyme production , a f t e r  10 m in u tes  
o f  ex p o su re  "ro UV l i g h t  was s i m i l a r  *c th e  amcunt o f  enzyme produced  by  
u n exp osed  c e l l s .  The amount o f  enzyme prcdu ed by s t r a i n  F 6 was not
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FIGURE 9
p - g a l a c t o s i d a s e  a c t i v i t y  o f  S. s o n n e i , F 1 4 1 ,  a t  
v a r io u s  growth t e m p e r a tu r e s .  I n t a c t  c e l l s ,  # -* ;  
t o l u e n e - t r e a t e d  c e l l s ,  o - o .
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FIGURE 10
p - ^ a l a c t o s i d a s e  a c t i v i t y  o f  S .  s o n n e i , B - 2 5 6 9 - 2 ,  
f o l l o w i n g  p:rov,'th a t  v a r i o u s  nil v a l u e s .  I n t a c t  c e l l s ,
O"O •t o l u e n e - t r e a t e d  c e l l s .
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FIGURE 11
E f f e c t  o f  u l t r a v i o l e t  i r r a d i a t i o n  u n o n  p - g a l a c t o s i d a s e  
a c t i v i t y .  E.  c o l i , s o n n e i , F 6 , o - o ;  S .  s o n n e i ,
B -2569 - 2 ,  x - x ;  S .  s o n n e i , B - 2 5 0 6 - 3 ,  A- A-  C e l l s  v-ere 
t r e a t e d  w i t h  t o l u e n e .
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E f f e c t  o f  u l t r a v i o l e t -  i r r a d i a t i o n  p r i o r  t o  d e te r m in a t io n  
o f  p “ g a l a c t o s i d a s e  a c t i v i t y
S t r a in  o f  I r r a d i a t i o n  t im e  (min)
S .  s o n n e i
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1,0
EL2506-? 35 31 69
F 6 6.? 69 56
F 142 60  43 53 ?7
2^2569-2  44 28 50 56
a l t e r e d  by UV l i g h t .  The l e v e l  o f  enzyme produced  by s t r a i n  B -2 5 6 9 -2  
d e c r e a s e d  a f t e r  1 m in u te  o f  e x p o su r e  t o  UV l i g h t , but was a c t u a l l y  h ig h e r  
th a n  u n ir r a d ia t e d  c o n t r o l s  when t h e  c e l l s  were i r r a d i a t e d  f o r  5 and 10  
m in u teso
The s t a b i l i t y  o f  th e  p - g a l a c t o s i d a s e  o f  E. c o l i  and S . s o n n e i  was 
s i m i l a r  ( s e e  F ig u re  1 2 ) .  A f t e r  .3 days o f  c o ld  s to r a g e  (4  U) th e  l e v e l  
o f  enzyme i n  S . s o n n e i  d e c r e a s e d  The enzyme c f  c e l l s  s to r e d  i n  d i s t i l l e d  
w a te r  a t  40 C m a in ta in e d  g r e a t e r  s t a b i l i t y  ( s e e  F ig u re  1 3 ) .  A f t e r  7 days  
o f  s t a r v a t i o n  a t  1+0 th e  amount o f  enzyme was a p p r o x im a te ly  th e  same 
a s  t h e  amount o f  enzyme produced by t h i s  s t r a i n  (F 6 )  during  grow th ,
( 7 )  S y n t h e t i c  Medium
The s y n t h e t i c  medium o f  Er land  sen  and Mackey sup p orted  growth o f  
S . s o n n e i  a s  w e l l  a s  th e  o t h e r  s p e c i e s  c f  S h i g e l l a .  T h is  medium was 
n o t a s  e f f i c i e n t  a s  n u tr ie n t  b r o ‘ h f o r  th e  p r o d u c t io n  c f  p  - g a l a c t o s i d a s  
Very l i t t l e  enzyme was produced by th e  organism s w hether g lu c o s e  was 
in c lu d e d  i n  th e  medium o r  o t h e r  carbon s o u r c e s  w ere s u b s t i t u t e d  ( s e e  
T a b le  1 0 ) .  Growth i n  m a lt o s e  was th e  ..east, i n h i b i t o r y  f o r  t h e  s y n th e s is  
o f  enzyme in  S , s o n n e i . L a c to s e  was a l s o  t r i e d  as a carbon so u r c e  but 
y i e l d e d  o n ly  a l i m i t e d  amcunt o f  growth o f  th e  Shi g e l l a .
s e .
( 8 )  I n d u c t io n  o f  C e l l  Suspens.-,. c r  -
An att.emot was made t o  in d u ce  p - g a l a c t o s i d a s e  in  washed c e l l  
s u s p e n s io n s  f o r  v a r io u s  p e '- io d s  o f  t im e .  F i r s .  an in d u c in g  a g e n t ,  
n am ely , l a c t o s e  ( 0 .5 ^ )  was u se d .  The r e s u l t s  w i t h  s tr a in .  F 6 and E. c o l i
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FIGURE 12
The p - , ! j a l a c t o s i d a s e  a c t i v i t y  o f  E .  c o l i  
( * - # ) ,  a n d  S .  s o n n e i , F 6 ,  ( o - o )  a f t e r  
s t '  r v a t i o n  a t  4  C.  C e l l s  w e r e  t r e a t e d  w i t h  
t o l u e n e .
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FIGURE 13
s o n n e i ,  s t r a i nP - g a l a c t o s i d a s e  a c t i v i t y  o f  £ .
F 6 ,  f o l l o w i n g  s t a r v a t i o n  a t  1 5 , 37 , and 40 C. 
C e l l s  I 'ere  t r e a t e d  w i t h  t o l u e n e .
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Table 10
“ g a l a c t o s i d a s e  a c t i v i t y  a f t e r  t h e  organ ism s were grown 
i n  s y n t h e t i c  m edia c o n ta in in g  v a r y in g  carbon so u r c e s
Enzyme a c t i v i t y
S„ sonnei,, Eo c o l i
I n t a c t  c e l l s
G lu co se 8 0
F r u c to s e 3
Mannos e S 13
G ly c e r o l 10 .5
M a lto se 18
N u t r ie n t  b ro th  
T o lu e n e - t  r e a t  ed
5.' 21
G lu co se 1^ 0
F r u c to s e ;.o 10
Mannc se 21 11
G lyoerc 15
M a lte se I''.'-
Nut rient, brc<th lO. 38
The su g a rs  w ere added tc  
t o  y i e l d  a c o n c e n t r a t io n
th e  E rlan d son  and 
o f
Mackey medium
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a r e  g iv e n  i n  F ig u r e  .14. The t im e  r e q u ir e d  f o r  maximum in d u c t io n  o f  t h e  
enzyme i n  E. c o l i  was 4  hours (1 6 8  u n i t s ) .  The S h i g e l l a  s t r a i n  r e q u ir e d  
18 h o u rs  t o  prod u ce more enzyme than  u s u a l .  A f t e r  t h i s  l e n g t h  o f  t im e ,  
o n l y  90 u n i t s  w ere p rod u ced ,
TMG- was n e x t  s u b s t i t u t e d  f o r  l a c t o s e  in  th e  in d u c in g  s o l u t i o n .
Both o rg a n ism s  produced more enzyme d u r in g  t h e  18 hour p e r io d  i n  th e  
p r e s e n c e  o f  TMG (F ig u r e  15)» E. c o l l .  produced  557 u n i t s  a f t e r  18 hours  
o f  i n d u c t io n ;  s t r a i n  F 141 produced 285 u n i t s  a f t e r  18 h o u rs .  Two o f  
t h e  o t h e r  s t r a i n s  o f  S ,  s o n n e i  y B -2506-3  and F 6 , gave  even h ig h e r  
enzyme l e v e l s  o f  330 and 342 u n i t s . ,  r e s p e c t i v e l y .  A com parison was made 
o f  t h e  1 8  h ou r  in d u c t io n  p e r io d  w ith  and w ith o u t  added carbon and n i t r o g e n  
s o u r c e s ,  TMG (5  x  10” '̂  M) i n  d i s t i l l e d  w a te r ,  was u se d  a s  an in d u c in g  
a g e n t .  S t r a i n s  B -2 5 0 6 -3 ,  F 6 ,  and F 141 produced o v e r  60^ o f  t h e  enzyme 
compared t o  enzyme l e v e l s  when n u t r i e n t s  were in c lu d e d  (T a b le  11)„
The f o u r th  s t r a i n ,  B -2569“2 , showed more enzyme a c t i v i t y  than c e l l s  which  
w ere in d u ced  i n  th e  p r e s e n c e  o f  n u t r ie n t  b r o th .  The c o n t r o l s  ( w ith o u t  
in d u c e r )  produced v a r y in g  amounts o f  enzyme d u r in g  th e  18  hour in cu b a ­
t i o n  p e r io d .
A ttem p ts  to  in d u c e  t h e  enzyme in  c e l l u l a ’.' e x t r a c t s  (TMG i n  d i s t i l l e d  
w a te r  f o r  1.8 h o u rs)  met w ith  v a r y in g  . r e s u l t s  (T a b le  1 2 ) .  The e x t r a c t  o f  
s t r a i n  B -2 5 0 6 -3  was in d u ced  s e v e r a l  t im e s  but f a i l e d  t,o y i e l d  any  
enzyme a c t i v i t y .  On t h e  o t h e r  hand, c e l l  e x t r a c t s  o f  s t r a i n  F 6 produced  
10? u n i t s  o f  a c t i v i t y  compared t o  145 u n i t s  i n  in d u ced  i n t a c t  c e l l s .  
E x t r a c t s  from  th e  o th e r  two s t . - a ln s  y i e l d e d  enzyme a c t l t r i t y  w hich  was 
about 40^ lo w e r  th a n  th e  in d u ced  i n t a c t  c e l l s .
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FIGURE 14
s o n n ' r i
In d u ctio r i  o f  p - f ;
S. c o l i  ( • - • )  and _ __
em ployed  n a s  0 . 5 #  l a c t o  
v;as c a r r i e d  o u t  a t  37  G.
a l a c t o s i d a s e  i n  c e l l  s u s n e n s i o n s  o f
F 6 ,  ( o - o ) .  Ind u cer
se ir ,  n u t r i e n t  b r o t i  . I n d u c t i o n  
The c e l l s  w e r e  t o l u e n e - t r e a t e d .
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FIGURE 15
p - r a l a c t o s i d a s e  i n  c e l l  su sn e n s io n s  u s in e  TMG
E x p e r im e n ts  
o n n e i ,  s t r a i n
I n d u c t io n  o f
(5  X 10~4 £n n u t r i e n t  b roth  a s  in d u c e r
ya c o l i  ( and o .perform ed a t  37 G  _____
F 141  ̂ (A-A) . Lower T in e s  i n  i c a t e  th e  c o n t r o l s  f o r  each  
o r g a n ism Ç, t h a t  i s ,  n u t r i e n t  broth  w ith o u t  TÎIG added to  c e l l  
s u s p e n s io n s  and n la c e d  a t  3 7  G f o r  t h e  same p e r io d s  o f  t im e .  
The c e l l s  w ere t o l u e n e - t r e a t e d .
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T ab le  11
I n d u c t io n  o f  B - g a l a c t o s i d a s e  w ith  TMG i n  c e l l  su sp e n s io n s  
o f  S» s o n n e i
B-2506-3
F 6 
F 1 4 -
B -2569-2
Enzyme A c t i v i t y
Nut r i e n t  B r c -h 
TMG C o n tr o l
330
342
285
173
80
98
50
43
D i s t i l l e d  Water 
TMG C o n tro l
207
209
185
240
85
SO
106
88
Enzyme a c t i v i t y  a s sa y e d  a f t e r  18 hours c f  in d u c t io n  a t  
37  C. The c o n c e n t r a t io n  o f  TMG em ployed was 5 x  10“ ^ M.
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Table IZ
I n d u c t io n  o f  B - g a l a c t o s i d a s e  i n  : e l l  ext r a c t s  and w hole c e l l s  
o f  S h i g e l l a  s o n n e i
Enzyme A c t i v i t y
S t r a i n  o f  
So s o n n e i
Nor.- in d u  ced
I n t a , ; - c e l l ' I n t a c t  
c e l l  e
Induced 18 h rs  
< X 1 0 - 4  M TMG
C e l l
e x t r a c t s
b- 2 5 0 6 -3 55 250 0
F 6 48 14.5 107
F 141 69 262 106
B-2569-2 40 235 90
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6 1
Washed c e l l  s u s p e n s io n s  w hich  underwent 24 hours o f  s t a r v a t i o n  
w ere s t i l l  a b le  t o  produce enzyme i n  t h e  p r e s e n c e  o f  an e f f e c t i v e  
in d u c e r .  Table 13 i n d i c a t e s  t h a t  s ta r v e d  c e l l s  w ere ca o a b le  o f  p ro d u cin g  
enzyme a t  a l e v e l  com parable t o  c e l l s  w hich d id  n o t  undergo s t a r v a t io n  
( s e e  T a b le  1 1 ) ,  Furthermore^ carbon s o u r c e s  i n  th e  in d u c in g  s o l u t i o n  
d id  n ot a id  i n  th e  in d u c t io n  o f  th e  enzyme. As a m a tte r  o f  fact, t h e y  
i n h i b i t e d  enzyme i n d u c t io n .
The optimum tem p era tu re  f o r  p - g a l a c t o s i d a s e  in d u c t io n  was 37 C 
( F ig u r e  1 6 ) ,  L i t t l e  enzyme a c t i v i t y ,  i f  any^ was in d u ced  a t  4  C and 
15 C, At 40 G, t h e  i n d u c t io n  o f  p - g a l a c t o s i d a s e  was o n ly  s l i g h t l y  l e s s  
th a n  t h e  optimum l e v e l .
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T a b le  13
I n d u c t io n  o f  B - g a l a c t o s i d a s e  w ith  TMG i n  a 24 hour s ta r v e d  
c e l l  s u s p e n s io n  show ing e f f e c t  o f  added carbon so u r c e s  t o  
in d u c in g  s o l u t i o n
S t r a i n  o f  
S .  s o n n e i TMG M a lto se G lu co se L a c to se
B -2506-3 138 23 0 38
F 6 274 90 0 100
F 141 271 198 0 269
b-2 5 6 9 -2 195 118 0 83
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FIGURE 16
I n d u c t i o n  o f  | S - o a l a c t o c i d a s e  a t  v a r i o u s  tem n era tu res  
o f  i n c u b a t i o n .  I n d u c e r  vias 5 10 H TMG i n  d i s t i l l e d
w a t e r .  P e r i o d  o f  i n d u c t i o n  was  18  h o u r s .  A s s a y s  w e re  
n e r f o r m e d  o n  s t r a i n s  F 141 j A -A ;  B -2 5 6 9 -2 ^  x - x ;  B-25t '6-3 jj  
A-A', a n d  F 6 ,  o - o .  C e l l s  w e r e  t o l u e n e - t  r e n t e d .
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CHAPTER V
DISCUSSION
The fe r m e n ta t io n ,  o f  l a c t o s e  by  S h i g e l l a  s o n n e i  i s  an e x tr e m e ly  
v a r i a b l e  p r o p e r ty .  I t  t a k e s  from 2 t o  12 d ays f o r  a b ro th  c u l t u r e  t o  
ferm en t t h e  su g a r  (G lynn and S ta r k e y ,  1 9 3 9 ) .  On th e  o th e r  hand, a v e r a g e s  
o f  l a c t o s e  f e r m e n t a t io n  t im e (LFT) from a la r g e  number o f  c u l t u r e s  
r e v e a le d  r a th e r  s t a b l e  f i g u r e s .  F or example N e lso n  (1 9 3 0 )  found a 
ran ge o f  LFT o f  o n l y  3 t o  7 d a y s .  We found t h a t  th e  avera g e  LFT was 
f a i r l y  c o n s ta n t  when we u sed  20 l a c t o s e  f e r m e n ta t io n  tu b e s  f o r  each  
t e s t .  The number c f  tu b e s  employed i n  d e te r m in in g  LFT i n f l u e n c e s  th e  
a v e r a g e s .  The a v e r a g e  LFT we o b ta in e d  w ith  20 tu b e s  was about 5 d a y s .  
K acoyan is  and Baker (1 9 5 5 )  found t h e  LFT was 15 days w ith  80 t u b e s .  
V a r i a t i o n s  i n  s t r a i n s  seemed t o  be o n l y  s l i g h t .
Glynn and S ta r k e y  (1 9 3 9 )  s u g g e s te d  t h a t  th e  t im e  r e q u ir e d  f o r  
l a c t o s e  p o s i t i v e  ( la c ^ “) c o l o n i e s  t o  anpear on l a c t o s e  agar  cou ld  be 
r o u g h ly  c o r r e l a t e d  w ith  t h e  t im e  r e q u ir e d  f o r  th e  in d iv id u a l  s t r a i n  
t o  ferm en t  l a c t o s e  i n  a. l i q u i d  medium. We a l s o  o b ta in e d  s i m i l a r  
r e s u l t s .  I f  25% o f  t h e  c o l o n i e s  are  la c '^ o n  e c s i n  m eth y len e  b lu e  (EMB) 
a g a r  i n  2 days, and 50% a r e  o c s i + i v e  :n 3 days, th e n  i t  may be t r u e  
t h a t  75% w i l l  be p c ' i t l v e  in  q d ays and 100% w i l l  be o o s i t i v e  i n  5 d a y s .  
I f  t h a t  i s  t h e  ca se ,  a c o r r e l a t i o n  can be made w ith  th e  a v era g e  LFT
f o r  t h e  s t r a i n s  which was a l s o  '■ days,  T h is  t y : e  o f  a d a p ta t io n  appears
— , _Lt o  be due t o  m u ta t io n  from a p r e d o m in a te ly  l a c  c o n d it io n  t o  a l a c  on e ,
64
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K a co y a n is  (1 9 5 7 )  s t a t e d  t h a t  l a c ^  m utants p r o b a b ly  ten d  to  d i e  o u t  i n  
n u t r i e n t  b r o th  c u l t u r e s  so  t h a t  th e  in ocu lu m  p l a t e d  on th e  EMB p l a t e s  
w ou ld  c o n t a in  few , i f  an y , lac"+~ organ ism s « C ontinued in c u b a t io n  on 
l a c t o s e  a g a r  f o r  2 t o  4  days or  more would a l lo w  t im e f o r  th e  lac~^~ 
m u tan ts  t o  m u l t i p l y  and e v e n t u a l l y  show a p o s i t i v e  r e a c t io n  by  fo rm a tio n  
o f  red  p a p i l l a e .  I t  has been  n o t ic e d  t h a t  t h e s e  red seco n d a ry  c o l o n i e s  
b e g in  a s  v e r y  s m a l l  d o t s  and i n c r e a s e  i n  s i z e  upon p ro lo n g ed  in c u b a t io n .  
L a c to s e  would i n  t h i s  c a s e  be a s e l e c t i v e  agent f o r  th e  lacT^” m utants  
w h i l e  t h e  l a c  c e l l s  w i l l  e v e n t u a l l y  d i e  o u t .  The o t h e r  p o s s i b i l i t y  
t h a t  rem ains i s  t h a t  th e  c e l l s  o f  S .  so n n e i are  n o rm a lly  g e n e t i c a l l y  
equ ipped  t o  produce th e  r e l e v a n t  enzyme sys"*-em in v o lv e d ,
J o n e s ,  O rcuttn  and L i t t l e  (1 9 3 2 )  u sed  o t h e r  s low  l a c t o s e  ferm en ters  
and found  t h a t  grow ing  t h e  c e l l s  in  l a c t o s e  in c r e a s e d  th e  r a t e  o f  l a c t o s e  
f e r m e n t a t io n  by th e  o r g a n ism s , Lewis and H itc h n e r  (1 9 3 5 )  aged  t h e i r  
c u l t u r e s  f o r  2 weeks i n  l a c t o s e  b ro th  and found th e  organism  co u ld  
ferm en t t h e  sugar i n  24 h o u r s .  In  our work we found  th a t  S ,  s o n n e i  
c o u ld  ferm ent l a c t o s e  in. an a v era g e  o f  3 d ays a f t e r  growth i n  l a c t o s e  
medium f o r  3 d a y s .  T h is  i n d i c a t e s  th a t  i f  .he organism s were exposed  
t o  l a c t o s e  f o r  lo n g e r  p e r io d s  p r i e r  "c det ermrnat  ̂or  c f  LFj’ , more l a c  
c e l l s  would be in c lu d e d  in  t h e  i n c c u .a  due tc th e  p r o c e s s  c f  m u ta t io n  
and s e l e c t i o n .
I f  th e  p r o c e s s  o f  a d a p t in g  f-c lactO' i s  s o l e l y  a m a tte r  o f  
m u ta t io n  and s e l e c t i o n  i t  i s  p r o b a b le  - hat UV l i g r i  would sp eed  up t h i s  
pro c e s s .  M ukherji and C h a t te r j i ,  (19&0) employed UV l i g h t  and changed  
t h e  f e r m e n ta t io n  r e a c t i o n s  o f  Sc so n n e i  to  g i v e  p o s i  + i v e  r e a c t i o n s  w ith
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
ff.
s o r b i t o l ,  s u c r o s e ,  and x y l o s e .  S u b c u ltu r e s  o f  th e  i r r a d i a t e d  organ ism s  
r e t a i n e d  t h e s e  p r o p e r t i e s  f o r  s e v e r a l  g e n e r a t io n s .  We found t h a t  UV 
l i g h t  d e c r e a s e d  t h e  LFT o f  S .  s o n n e i . This  may be e x p la in e d  i n  term s  
o f  t e c h n iq u e ,  exp osu re  t im e ,  o r  any e t h e r  v a r i a b l e  c o n d i t io n  o f  th e  
e x p e r im e n t .  Assuming t h a t  th e  tr e a tm e n t  o f  th e  c e l l s  w i th  UV l i g h t  had 
some e f f e c t  upon t h e  LFT, we s t i l l  have 2 m ajor s u p p o s i t io n s  to  c o n s id e r .  
I f  a c u l t u r e  o f  S . s o n n e i  i s  p red o m in a n tly  la-.: w ith  a few la<H“ m utants  
which a r e  r e s p o n s i b l e  f o r  l a c t o s e  f e r m e n tâ t icnr our r e s u l t s  might  
i n d i c a t e  b a c k -m u ta tlo n s  from l a c “h t o  l a c  th e r e b y  y i e l d i n g  an even  
s lo w e r  f e r m e n t a t io n  t im e  than  ncrrcal. I f ,  on th e  e th e r  hand, th e  c e l l s  
are  g e n e r a l l y  lacH "the m u tagen ic  agen t  may have produced an in c r e a s e  
i n  th e  number o f  c e l l s  which a r e  la c  .
The d i f f e r e n c e  betw een c o n s t i t u t i v e  and i n d - c i b l e  enzymes i s  a 
q u a n t i t a t i v e  and n ot a q u a l i t a t i v e  o n e .  I t  i s  im p ortan t t c  c o n s id e r  
th e  d e c i s i o n  t o  r e f e r  t o  an enzyme as  c o n s ' i t u t  iv e  c r  i n d u c ib le  a s  an 
a r b i t r a r y  cne„ In  some sy stem s th at have been i n v e s t i g a t e d ,  I n d u c ib le  
enzymes a r e  p r e s e n t  i n  t r a c e  amcunts when t h e  s p e c i f i c  s u b s t r a t e  i s  n o t  
i n  th e  medium. S .  s c n r e i  p rod u ces  2 ? t im e s  more b a s a l  (u n in d u ced )
enzyme th a n  E. p o l : . T h is  may s i g n i f y  th a t t h e  enzym e-form ing system  
i n  S . son n ei  d oes  not o n e r a te  i n  th e  same way a s  i n  E. ççüd s im p ly  
t h a t  t h e r e  a re  more lac^" mut a r t s  in  a ncrmal c u l t u r e  o f  S„ sonne i .
Cohn, Monod P o l i o  :k, S p iegelm an , and o t a n i e r  (19,53) d e f in e d  enzyme 
in d u c t io n  a s  a r e l a t i v e  i n c r e a s e  i n  the r a te  c f  s y n t h e s i s  c f  a s o e c i f i c  
apo-enzym e r e s u l t i n g  from e x p csu re  t o  a ch en n -a i substance,, A ccording  
t o  t h i s  d e f i n i t i o n  t h e  p - g a l a c t o s i d a s e  o f  S .  s cnn e i  i s  an in d u c ib le
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enzym e. D i f f e r e n c e s  i n  i n d u c i b i l i t y  a re  ap p aren t i n  t h e  enzymes o f  
E. c o l i  and S ,  s o n n e i . S .  s o n n e i  rem ains u n a f f e c t e d  a f t e r  grow ing i n  
m e l i b i o s e  and r a f f i n o s e  w h i l e  t h e s e  a r e  good and f a i r  in d u c e r s ,  r e s p e c t ­
i v e l y ,  f o r  E. c o l i . TMG, on th e  o th e r  hand, i n i t i a t e s  a s i m i l a r  r e sp o n se  
i n  both  o r g a n ism s .
L a c t o s e ,  one o f  t h e  n a t u r a l l y  o c c u r r in g  s i b s t r a t e s  f o r  p - g a l a c t o ­
s i d a s e  was a good in d u c e r  o f  th e  enzyme i n  E. c o l i  but not f o r  S .  s o n n e i . 
T h is  may be e x p la in e d ,  a t  l e a s t  p a r t i a l l y ,  i n  two w ays. F i r s t ,  i t  sh ou ld  
be n o te d  t h a t  th e  b a s a l  o r  un induced  enzyme i n  S . so n n e i  was s e v e r a l  
t im e s  g r e a t e r  than  i n  E. c o l i A d d it io n  o f  l a c t o s e  to  a c u l tu r e  o f
S .  s o n n e i  would n o t  n e c e s s a r i l y  t r i g g e r  th e  enzym e-form ing system  i f  
t h e  org a n ism s co u ld  s lo w ly  u t i l i z e  t h e  l a c t o s e  w ith  t h e  c o n s e r v a t iv e  
amount o f  enzyme a lr e a d y  a v a i la b le , .  S e c o n d ly ,  Monod®s p r i n c i p l e  o f  
g r a t u i t y  c o u ld  be c o n s id e r e d .  The most e f f i c i e n t  in d u cer  was a g a la c t o — 
s i d e  t h a t  was n o t h y d r o ly z e d  by t h e  enzyme as TMG (Monod, 1 9 5 6 ) .
I n d u c t io n  a b i l i t i e s  o f  s u b s ta n c e s  w hich  are  n e i t h e r  s u b s t r a t e s  c r  carbon  
s o u r c e s  f o r  growth have been  d em o n stra ted  i n  o th e r  sy stem s  b e s id e s  
p - g a l a c t o s i d a s e  such  as  t h e  in d u c t io n  o f  d -m a n n ito l  d ehydrogenase  by  
r i b i t o l  i n  Azo to b act-e-^ v in e la n d i: ,  (Marr and Mar e u s , i 9 6 l ) .
For E. c o l i , S h e in in  and Crocker (1961b ) showed th a t  in d u c e r s  f a l l  
i n t o  t h r e e  grou p s on t h e  b a s i s  c f  w hether +hev induce th e  b i o s y n t h e s i s  
o f :  ( l )  b o th  OC- and p - g a l a c t o s i d a s e  ( 2 )  o n ly  p - g a l a c t o s i d a s e ,
and ( 3 )  o n l y  cc.' g a l a c t o s i d a s e .  G a la c t o s e ,  (due t o  m u ta r o ta t io n  
e x i s t s  i n  b o th  a lp h a  and b e ta  fo r m s) m e l i b i o s e ,  and r a f f i n o s e  f a l l  i n t o  
th e  f i r s t  g r o u p in g ,  w hereas TMG i s  i n  th e  seco n d . I t  i s  r e a so n a b le  t o
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assiome t h a t  O C - g a la c t o s id a s e  i s  a l s o  s t im u la t e d  by t h e s e  th r e e  s u b s ta n c e s ,
i . e . ,  g a l a c t o s e ,  m e l ib io s e . ,  and r a f f i n o s e  i n  S , s o n n e i . This would 
e n a b le  th e  c e l l  t o  m e ta b o l i z e  t h e s e  comno’in d s  and e l im in a t e  th e  need  
f o r  t h e  p r o d u c t io n  o f  6 - g a l a c t o s i d a s e .  Thus th e  d i f f e r e n c e  i n  th e  two 
o r g a n ism s  may be one o f  c e l l u l a r  economy.
The i n h i b i t o r y  e f f e c t  o f  g l u c o s e  on th e  s y n t h e s i s  o f  p - g a l a o t o -  
s i d a s e  o f  E. c o l l  and e t h e r  sy stem s  (Cohn, 1956 , N eid h art and M agasanik,
1 9 5 7 )  h a s  b een  r e a l i z e d  f o r  some t im e but as y e t  not d e f i n i t e l y  a n a ly se d .  
They h ave  found  i n  th e  c a s e  o f  E, c o l i  t hat p r e v i o u s l y  in d u ced  c e l l s  
r e s i s t  th e  i n h i b i t o r y  a c t i o n  o f  g lu c o s e  and are a b le  to  s y n t h e s iz e  th e  
enzyme a t  a r a t e  300 t im e s  g r e a t e r  th a n  uninduced  c e l l s  i n  th e  p r e se n c e  
o f  g l u c o s e  (Cohn and H oriba^a, 1 9 5 9 )-  They have con clu d ed  t h a t  g lu c o s e  
e n t e r s  th e  c e l l  by an independent p r o c e s s ,  t h a t  i s ,  a n o th er  perm ease  
sy ste m  o r  by d i f f u s i o n .  Then i t  i n t e r f e r e s  w ith  th e  in d u c t io n  p r o c e s s  
by b lo c k in g  t h e  s y n t h e s i s  o f  th e  p - g a l a c t c s i d a s e  permease a lth o u g h  i t  
d o e s  n o t  i n h i b i t  t h e  f u n c t i o n  o f  t h i s  sy s te m  once  nroduced.
On t h e  o th e r  hand, N eidhart and Magasanik (1 9 5 6 )  b e l i e v e  t h a t  
g l u c o s e  i n t e r f e r e s  w ith  t h e  p r o d u c t io n  o f  enzyme r a th e r  th an  w i t h  t h e  
p r o c e s s  o f  i n d u c t i o n .  A ccord in g  t c  t h e s e  w orkers it- a c t s  a s  a r e p r e s s o r  
b e c a u s e  i t  i s  more r a p i d l y  m e ta b o l iz e d  th a n  o th e r  carbon s o u r c e s .
T h e r e fo r e  th e  a c c u m u la t io n  o f  in te r m e d ia r y  m e t a b o l i t e s  c o u ld  r e p r e s s  
t h e  i n d u c i b le  enzymes con cern ed  w i th  +he u t i l i z a t i o n  o f  a l t e r n a t i v e  
carbon  s o u r c e s .  P o l lo c k  (1 9 5 9 )  s a id  th a t  i t  d o es  not seem r e a so n a b le  t o  
e x p l a i n  t h e  e f f e c t  o f  g lu c o s e  s l y  on t h e  b a s i s  o f  i n t e r f e r e n c e  w ith  
p a s s a g e  c f  in d u c e r s  int.o  t h e  c e l l .  In  S„ g a l a c t o s e  may i n t e r f e r e
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Vifith th e  p r o d u c t io n  o f  th e  enzyme b e c a u se  i t  i s  a l s o  u t i l i z e d  by th e  
c e l l  t o  such  an e x te n t  th a t  i t  would  n ot be n e c e s s a r y  f o r  th e  c e l l  t o  
produce  an i n d u c i b le  carbohydrase,,
There i s  e v i d e n t l y  some ty p e  o f  p e r m e a b i l i t y  b a r r ie r  e x i s t i n g  i n  
t h e  c e l l s  o f  S .  s o n n e i  w h ich  i n h i b i t s  th e  p e n e t r a t io n  o f  g a l a c t o s i d e s  
j u s t  a s  t h e r e  i s  f o r  E. c o l i . We have found th a t  enzyme a c t i v i t y  i s  
i n c r e a s e d  i f  th e  c e l l s  a re  t r e a t e d  w ith  t o lu e n e  o v er  t h e  a c t i v i t y  o f  
i n t a c t  c e l l s .  An e x t r a c t  o f  th e  c e l l s  y i e l d s  more a c t i v i t y  th an  t h e  
t o lu e n e - t r e a tm e n t o  Treatment f o r  10  m in u tes  w ith  a s o lv e n t  such as  
b en zen e  o r  T o lu en e  ca u se s  some d e s t r u c t i o n  o f  t h e  c e l l  w a l l  (Rotman,
1 9 5 8 ) .  T h is  a l l o w s  g r e a t e r  amount c f  s u b s t r a t e  t o  e n t e r  th e  c e l l  and 
t h u s  a g r e a t e r  amount o f  h y d r o l y s i s  ta k e s  p l a c e ,  Kaplan (1 9 5 5 )  b e l i e v e s  
t h a t  tr e a tm e n t  w ith  such  a g e n t s  cau se  a change in  i n t r i n s i c  p r o p e r t i e s  
o f  th e  enzyme. He found o th e r  changes b e s id e s  in c r e a s e  i n  a c t i v i t y .  
T hese ch an ges  in c lu d e d :  ( l )  d e c r e a s e  in  '’ontim al*  c o n c e n tr a t io n  o f
s u b s tr a te , ,  ( 2 )  a l t e r e d  pH a c t i v i t y  r e l a t i o n s h i p s .  ( 3 )  i n c r e a s e  in  
s e n s i t i v i t y  to  h e a t ,  and ( 4 )  change in  r e sp o n se  to  UV i r r a d i a t i o n .  
H ence, a l t e r i n g  t h e  p e r m e a b i l i t y  o f  t h e  c e l l s  to  th e  s u b s t r a t e  may have  
more c o m p lic a te d  e f f e c t s  than  one would assume from cur r e s u l t s .  The 
a c t i v i t y  o f  in d u ced  i n t a c t  c e l l s  o f  E. c o ij ,  was found to  be due t o  2 
d i s t i n c t  r e a c t i o n s  by Holmes e t  a l .  M 9 6 lV  One was th e  a c t i v i t y  due 
t o  t h e  s u b s t r a t e  e n t e r in g  t h e  c e l l s  by d i f f c s i c r  and th e  o th e r  was 
t h e  a c t i v i t y  due t c  th e  s u b s t r a t e  e n t e r in g  v i a  th e  t r a n s p o r t  sy s te m .
T h is  t r a n s p c r '  sy stem  may or may not be th e  g a la c t o s id e - p e r m e a s e  c i t e d  
e a r l i e r .
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Rotman and S p ieg e lm a n  (1 9 5 4 )  and H ogn ess , Cohn, and Monod (1 9 5 5 )  
p erfo rm ed  e x p e r im e n ts  u s in g  l a b e l e d  C or  S o a s c e r t a i n  w h eth er  c r  n ot  
a m a cro m o lecu la r  p r e c u r s o r  e x i s t s  p r io r  t o  in d u c t io n  o f  p - g a l a c t c s i d a s e .  
They grew t h e  organ ism s (E . c o l l ) i n  l a b e l e d  media and th e n  t r a n s f e r r e d  
th e  c e l l s  t o  u n la b e le d  media c o n t a in in g  an in d u c e r .  They found th e  
P - g a l a c t o s i d a s e  t h a t  was form ed was n o t  l a b e l e d .  I f  t h e r e  had been  
any d e g r a d a t io n  o f  p r o t e i n s  t o  f r e e  amino ac id s , ,  th e  amino a c id  p o o l  
w ould  have become l a b e l e d  and th e  p  - g a l a c t o s i d a s e  b e in g  formed a t  th e  
t im e  sh o u ld  have c o n ta in e d  a  p r o p o r t io n  o f  t h i s  l a b e l .  They con clu d ed  
t h a t  e n z y m e -p r o te in  was s y n t h e s iz e d  e n t i r e l y  de novo w ith o u t  any  
a p p r e c ia b le  p a r t i c i p a t i o n  o f  m a ter .ia ls  coming from o th e r  c e l l u l a r  p r o t e in s .  
A lso  t h a t  t h e  r a t e  o f  p r o t e in  d e s t r u c t io n  was l e s s  than  about 1% p e r  
hour. The r a t e  o f  o r o t e i n  s y n t h e s i s  and d e s t r u c t io n  was f u r th e r  
i n v e s t i g a t e d  b y  M andelstam (195" )  who compared th e  tu r n o v e r  c f  p r o t e i n  
i n  grow ing  and n on -grow ing  c e l l s  o f  E, cc 1:.. In  grow ing  c e l l s  th e  
t o t a l  l o s s  o f  l a b e l  (d e g r a d a t io n  o f  p r o t e in )  was 4^ Most c f  tpe l o s s  
o f  l a b e l  o c c u r r e d  i n  th e  f i r s t  30 m in u tes  and was s t a b l e  a f t e r  th e  
f i r s t  hour o f  t h e  e x n e r im e n t . However, i n  non-grow ing c e l l s ,  degrada­
t i o n  c f  p r o t e i n  c o n t in u e d  at a c o n s ta n t  r a t e  o^ 5% per hour th rou gh ou t  
th e  e x p e r im e n t.  R e s y n tn e s i s  p r o c e e d e d  at th e  same r a te  {k% t o  5% per  
h o u r ) .  Mandelstam ( I 9 6 0 )  f t . / - h e r  s ' a t e /  th a t  th e r e  i s  no d e t e c t a b le  
lc .35 o f  g a l a c t o s i d a s e  :,n E. c o l i  at a t im e  when th e  a v era g e  "ate o f  
p r o t e i n  d e g r a d a t io n  i s  5% p er  h cu - Mcst in d u c ib le  er.cyriD.es that have  
b een  exam ined have proved  to  be s t a b l e  under c o n d i t io n s  where n r o t e ' n  
d e g r a d a t io n  might have been e x p e c te d .
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M andelstam ’ s work on p r o t e i n  tu r n o v e r  h e lp s  to  e x p la in  why an 
i n d u c i b l e  enzyme can be produced  i n  w ashed, non-grow ing  c e l l s  susp en ­
s i o n s  o f  Eo c o l i  and S„ son n ei  I f  E. c o l i  i s  grown i n  a medium 
c o n t a in i n g  g lu c o s e  and l a c t o s e ,  t h e  organ ism s u t i l i z e  g lu c o s e  f i r s t ,  
t h e n  e n t e r  a l a g  p h a se  w ith  o n ly  t r a c e  amcunts o f  ^ - g a l a c t o s i d a s e .
D uring  t h i s  p h a se , p  - g a l a c t o s i d a s e  i s  produced  and c o n se q u e n t ly  th e  
l a c t o s e  i s  u t i l i z e d .  The q u e s t io n  c f  how th e  c e l l s  p r o v id e  t h e  enzyme 
d u r in g  t h i s  p e r io d  a r i s e s .  R ick en b erg  and L e s t e r  (1 9 5 5 )  s a id  t h e r e  
c o u ld  be  a f a i r l y  s p e c i f i c  c h a n e l l in g  c f  th e  c c n t e n t s  o f  t h e  v e r y  sm a l l  
amino a c id  p o o l  i n t o  synthei= ts  c f  |3 - g a l a c t o s i d a s e  which t h e y  c a l l  
p r e f e r e n t i a l  s y n t h e s i s .  They o b se rv ed  t h a t  d u r in g  th e  la g  p h a se ,  t h e r e  
was no n et  s y n t h e s i s  o f  p r o t e i n ,  but t h e r e  was an i n c r e a s e  i n  p - g a l a c t o ­
s i d a s e ,  T h is  p r e f e r e n t i a l  s y n t h e s i s  r e q u ir e s  an e la b o r a t e  sy ste m  o f  
r e p r e s s i o n  i f  a l l  o th e r  enzyme s y n t h e s i s  s to p s  t o  a l lo w  p - g a l a c t o s i d a s e  
t o  be produced . As s e e n  ab ove , c e s s a t i o n  o f  growth im m e d ia te ly  i n i t i â t e s  
breakdown o f  p r o t e in  to  f r e e  amino a c i d s .  T h ere fo re  Mandelstam ( 1 9 -0 )  
f e e l s  a p r o p o r t io n  o f  t h e  f r e e  amine a c i d s  i s  u sed  f o r  the syn^'hesis  
o f  p - g a l a c t o s i d a s e .  Mandelstam (19.57) found t h a t  t h i s  p r o p o r t io n  
IS  th e  same i n  th e  l a g  phase a s  in  grow th . The system  which s y n t h e s iz e d  
t h e  enzyme a p p r o p r ia te s  about 1% c f  th e  f r e e  amino a c id s  p a s s in g  through  
t h e  p o d  i n  b oth  s i t u â t ic '- .s ,
Induced  enzyme fo r m a tio n  can occu  c i r  * he à b -e n c e  o f  exogeroua  
s o u r c e s  o f  carbon o r  n i t r o g e n .  We have f o u n d , a s  o t h e r s  have w ith  E, 
c o l i  , t h a t  th e  a d d i t i o n  o f  e x c genou r carbon s o u r c e s  r e p r e s s e s  enzyme 
s y n t h e s i s  i n  S , so n n e i , Palm er and M a l l e t t e  (1 9 6 1 )  u sed  E. c o l i  B and
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TMG a s  in d u c e r ,  o b se rv ed  t h a t  t h e  a d d i t i o n  o f  g l u c o s e ,  r i b o s e ,  x y l o s e ,  
o r  g l y c e r o l  a s  exogen ou s  s o u r c e s  t o  n i t r o g e n - d e f i c i e n t  media b lock ed  
enzyme fo r m a t io n .  Furthermore,, TMG a lo n e  y i e l d e d  more enzyme than  
TMl and l a c t o s e .  They b e l i e v e  t h i s  i s  n o t  o n ly  b ecause TMG i s  a more 
e f f i c i e n t  in d u c e r ,  b u t t h a t  l a c t o s e  a c t u a l l y  i n h i b i t s  enzyme fo r m a t io n .  
T h e ir  d a t a  s u g g e s t s  t h a t  o n ly  endogenous en erg y  s o u r c e s  are e f f e c t i v e  
i n  t h e  bios.jcrh h e s i s  o f  - g a l a c t o s i d a s e ,  Mandelstam (1 9 6 1 )  a g r e e s  t h a t  
i n  c o n d i t i o n s  where c e l l s  a r e  n o t  g r o w in g , compounds used  a s  so u r c e s  
o f  carbon  and en erg y  r e p r e s s  th e  enzyme fo r m a t io n .  He found t h a t  i f  
he added s u c c i n a t e ,  p y r u v a te ,  l a c t a t e ,  g lu c o n a te ,  g l y c e r o l ,  m a la te ,  
f r u c to s e ^  o r  m a lto s e  t o  c e l l s  o f  E. c o l i , enzyme fo r m a t io n  was r e p r e s s e d .  
He found t h a t  i f  ne added TMG and l a c t o s e  to  s ta r v e d  c e l l s  o f  E. c o l i , 
th e  enzyme i s  r e p r e s s e d  t o  some e x te n t  . But l a c t o s e  w i l l  r e p r e s s  o n ly  
a f t e r  some enzyme i s  formed so th a t  th e  l a c t o s e  cou ld  be m e ta b o l iz e d .  
M andelstam  t a k e s  th e  v ie w  o f  N e id h art  and M agasanik (1 9 5 7 )  that, r e p r e s s io n  
o f  fo r m a t io n  o f  p  - g a l a c t o s i d a s e  i s  n ot  s p e c i f i c  f o r  g lu c o s e .  But 
g l u c o s e  i s  more i n h i b i t o r y  b e c a u se  i t  x s  m.ore r a n x d ly  m e ta b o l iz e d  
th an  o t h e r  carbon s o u r c e s .  Even under growing c o n d i t io n s ,  in te r m e d ia r y  
m e t a b o l i t e s  accumula'^ e which r e p r e s s  th e  in d u c ib le  enzymes con cern ed  
w it h  th e  u t i l i z a t i o n  o f  a l t e r n a t i v e  carbon  s o u r c e s .
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SUMMARY
lo  The a v e r a g e  l a c t o s e  f e r m e n t a t io n  t im e  f o r  e ig h t  s+ r a in s  o f  S h i g e l l a  
s o n n e i  was d sterra in ed  and f c m d  t o  ran ge  f -c m  4 . 4  t o  7 .6  d a y s .
2 .  L a c to s e  f e r m e n t a t io n  t im e  was t e s t e d  af* e r  growth i n  l a c t o s e ,  
g a l a c t o s e ,  and m e l i b i c s e .  L a c to se  was th e  o n ly  sugar  t e s t e d  which  
d e c r e a s e d  th e  a v e r a g e  f e m e n t a t i c n  timeo
3 .  Exposure t o  u l t r a v i o l e t  l i g h t  d id  not d e c r e a s e  th e  l a c t o s e  ferm enta­
t i o n  t im e ,
4 .  The number o f  l a c t o s e  p o s i t i v e  c c l o n i e s  m  e o s in  m ethylene  b lu e  
a g a r  i n  2 4 :  4 8 .  and ? 2  hours was d eterm in ed . There w e r e  no p o s i t i v e  
c o lo n i  e s  i n  24 hou rs  , about 2 in  48 hour? a n d  about 50% in  72 
h o u r s .
5 .  A s tu d y  was made o f  th e  p - g a l a c t o s i d a s e  a c t i v i t y  o f  in t a c t  and 
t o l u e n e - t r e a t e d  c e l l  p r e p a r a t io n s  c f  S.. s c r n e i .  E. c o l i ,  and o t h e r  
s p e c i e s  c f  S h i g e l l a .  The b a s a l  enzyme produced b y  S. so n n e i was 
s e v e r a l  t im e s  th e  amount produced  b y  E. c o l . p - g a l a c t c s i d a s e  
a c t i v i t y  was n o t  d e t e c t e d  i n  th e  o th e r  s p e c i e s  o f  S h i g e l l a .
6 .  The e f f e c t  c f  th e  a d d i t i o n  o f  i n d u c e r s  on th e  & g a l a c t o s i d a s e  
a c t i v i t y  c f  grow ing  and n o n - g r c w ' n g  c e l l s  c f  S .  so n n e i  and E .  c o l i  
was d e t e r m i n e d .  M ethyl- ^ - d - t h i c g s l a c + c - s i d e  w a s  th e  most e f f e c t i v e  
in d u c e r  f o r  S .  s o n n e i „
7 .  The e f f e c t  o f  p h y s i c a l  f a c t o r s  (+empera+ure. pH, u l t r a v i c l e *  ir r a d ia -  
t i e n ,  and s t a r v a t i o n )  on th e  pro du t z c n  c f  p - g a l a c t c s i d a s e  i n
73
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u n in d u ced  c e l l s  was s t u d i e d .  The o p t im a l  tem p eratu re  o f  growth  
was 37  C and t h e  o p t im a l  pH was 7 .  U l t r a v i o l e t  i r r a d i a t i o n  o r  
s t a r v a t i o n  o f  t h e  c e l l s  d id  not a p p r e c ia b ly  a l t e r  th e  enzyme 
p r o d u c t io n ,
8 ,  - g a l a c t o s i d a s e  a c t i v i t y  was in d u ced  i n  s ta r v e d  c e l l s .  Exogenous  
carbon  s o u r c e s  i n h i b i t e d  to  v a r y in g  d e g r e e s  th e  in d u c t io n  o f  th e  
enzyme.
9 .  The o p t im a l  tem p eratu re  o f  enzyme in d u c t in r  was found t o  be 37  C,
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B. A... B a c t e r i o l o g y  1 9 5 3 -1 9 5 7
King County H o sp ita l . ,  S e a t t l e ,  W ashington
M ed ica l T ech n o lo g y  I n t e r n s h ip  1 9 5 7 -1 9 5 8
Montana S t a t e  U n i v e r s i t y , M is s o u la ,  Montana
M. S . ,  M ic r o b io lo g y  1 9 6 0 -1 9 6 2
M ed ica l T e c h n o lo g i s t ,  O’Connor H o s o i t a l
San J o s e ,  C a l i f o r n i a  1 9 5 8 -1 9 5 9
M ed ica l T e c h n o lo g is t  ( B a c t e r i o l o g i s t ' )
S t ,  P a t r i c k ’ s H o s p i t a l .  M isso u la  Mont.ana i9 6 0
G raduate T eaching A s s i s t a n t . ,  Department c f
M ic r o b io lo g y  and P u b l ic  H e a l th ,  Montana
S t a t e  U n iv e r s :  + y , M i s s e : 2 a ,  Montana 1 9 6 0 -1 9 6 1
R esearch  A s s i s t a n t  on S h i g e l l a  R esearch  P r c je - .i  ,
Deoart.-ment o f  B otany , M ic r o b io lo g y ,  and 
P u b l ic  H e a l t h , Montana St at e Uni ce r 3 :..*y ,
M issou la ..  Montana 1 9 6 1 -1 9 6 2
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Membership i n  P r o f e s s i o n a l  S o c i e t i e s :
American S o c i e t y  f o r  M ic r o b io lo g y  1 9 6 1 - d a te
P h i  Sigma S o c i e t y  1 9 4 7 -d a te
R e g i s t r y  o f  M ed ica l  T ech n o logy
(A m erican S o c i e t y  o f  C l i n i c a l  P a th o lo g y )  1 9 5 8 -d a te
Honors and Awards:
E l e c t e d  t o  N a t io n a l  B i o l o g i c a l  Honorary
S o c i e t y  (P h i  Sigma) 1957
N a t io n a l  S c ie n c e  F ou n d ation  Summer F e l lo w s h ip
f o r  Graduate T each in g  A s s i s t a n c e  1961
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